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INTRODUCTION WITH OUTLINE OF STUDIES.
B a s ic  s la g  may be d e f in e d  a s  a  p ro d u c t o b ta in e d  
i n  th e  m a n u fa c tu re  o f s t e e l  from  p i g - i r o n  c o n ta in in g  more 
p h o sp h o ru s  th a n  I s  r e q u i r e d .
The p re se n c e  o f phospho rus In  s t e e l*  e x c e p t in  
v e r y  s m a ll  am oun ts, r e n d e r s  i t  b r i t t l e  and u n s u i t a b le  f o r  
many m a n u fa c tu r in g  p u rp o s e s . H ig h ly  p h o sp h a tic  i r o n  o re s  
a r e  c o n s e q u e n tly  u n s u i t a b le  f o r  t h e  m an u fa c tu re  of p i g - i r o n  
f o r  s t e e l  making* u n le s s  th e  pho sp h o ru s c an  be  removed in  
t h e  s m e l t in g .  A ttem p ts  t o  remove th e  phospho rus from  th e
i r o n  o re  in  th e  b l a s t  fu rn a c e  have b e e n  u n s u c c e s s f u l  on
*%
a c c o u n t o f th e  h ig h ly  re d u c in g  c o n d i t io n s  w h ich  a r e  n e c e s s a ry  
f o r  t h e  re c o v e ry  of th e  i r o n  from  th e  ore* e x i s t i n g  t n e r e .  
E x p e rim e n ts  by S n e lu s  i n  1872» and by Thomas and G i l c h r i s t  
i n  1876 d e m o n s tra te d  th e  p o s s i b i l i t y  o f rem oving th e  
p h o sp h o ru s  from  m o lte n  p i g - i r o n  by t r e a tm e n t  in  a  
B essem er c o n v e r t e r .  T h is  c o n s i s te d  o f b lo w in g  a i r  th ro u g h  
a c h a rg e  o f m o lte n  p i g - i r o n  w i th  added l im e , in  a  c o n v e r te r  
l i n e d  w i th  d o lo m ite .  A s e r i e s  o f e x o th e rm ic  r e a c t i o n s  a r e  
t h u s  s e t  up* r e s u l t i n g  i n  th e  rem oval o f s i l i c o n ,  p h o sp h o ru s , 
m anganese , and o th e r  a s s o c ia t e d  " m e ta l lo id s ” fro m  th e  p i g - i r o n
«• 2 **
an d  t h e  fo rm a t io n  of a  s l a g  c o n ta in in g  a  l a r g e  p e rc e n ta g e  
o f  c a lc iu m .
The b a s ic  B essem er p ro c e s s  s u f f e r e d  from  c e r t a i n  
d is a d v a n ta g e s  w h ich  cau sed  i t  t o  be r e p la c e d  t o  a v e ry  g r e a t  
e x te n t  i n  G re a t B r i t a i n  by th e  b a s io  open h e a r th  p r o c e s s .
E s s e n t i a l l y  th e  d i f f e r e n c e  be tw een  th e s e  r e f i n i n g  
m ethods i s  in  th e  m ethod of o x id a t io n  o f th e  m a te r i a l s  
a s s o c i a t e d  w i th  th e  i r o n  in  th e  p i g - i r o n .  In  t h e  B essem er 
p ro c e s s  d i r e c t  o x id a t io n  i s  o b ta in e d  by  th e  p a ssa g e  of a i r  
th r o u g h  th e  c h a rg e :  w h ereas i n  t h e  open h e a r th  p ro c e s s ,
a b o u t s e v e n ty  p e r  c e n t ,  o f  t h e  o x id a t io n  r e s u l t s  from  th e  
a c t i o n  o f o x ide  o f i r o n  on th e  " m e ta l lo id s ” . The rem a in d e r 
i s  due t o  th e  o x id is in g  g a se s  o f t h e  f u r n a c e .
I n  t h e  b a s io  open h e a r th  p ro c e s s  th e  o p e ra t io n s  
c o n s i s t  o f c h a rg in g  l im e , s c r a p  and p i g - i r o n  on t o  a  b a s ic  
h e a r t h  h e a te d  from  above by s u p e rh e a te d  p ro d u c e r  g a s .  
I n i t i a l l y  t h e r e  i s  s u r f a c e  o x id a t io n .  As th e  c h a rg e  m e lts  
t h e  o x id e  comes i n to  c o n ta c t  w i th  th e  o x ld ls a b le  " m e ta l lo id s " ,  
and  th e s e  a r e  t o  some e x te n t  o x id is e d .
The o rd e r  i n  w h ic h  t h e  " m e ta l lo id s "  a r e  o x id is e d  
i n  th e  open h e a r th  p ro c e s s  d i f f e r s  from  t h a t  o f th e  B essem er
-  3 -
i n  a m anner w h ich  h as an  Im p o rta n t in f lu e n o e  on th e  
q u a l i t y  o r  g rad e  (amount o f p h o sp h o ric  o x id e  p r e s e n t )  
o f th e  s l a g  p ro d u ce d . I n  th e  b a s ic  B essem er p ro c e s s  
t h e  p h o sp h o ru s i s  o x id is e d  and e n te r s  t h e  s l a g  a t  t h e  
end  o f th e  p r o c e s s ,  b e in g  th e  l a s t  o f th e  " m e ta l lo id s "  
t o  be  rem oved from  th e  i r o n  in to  th e  s l a g .  The r i c h n e s s
o f  th e  l a t t e r  in  p h o sp h o ric  ox id e  depends on th e  o r i g i n a l  
c o n te n t  o f phospho rus i n  th e  p i g - i r o n .  For th e  b a s ic  
B essem er p ro c e s s  th e  p i g - i r o n  sh o u ld  c o n ta in  ab o u t 2 p e r  
c e n t ,  p h o sp h o ru s , f o r  t h e  b a s io  open h e a r th  t r e a tm e n t  
.5  -  1 .5  p e r  c e n t ,  p h o sp h o ru s  c o n te n t  i s  p r e f e r a b l e :  i f  
o v e r  1 .5  t h e  s t e e l  r e f i n i n g  p ro c e s s  I s  p ro lo n g e d .
I n  th e  b a s ic  open h e a r th  p ro c e s s  t h e  s i l i c a  and
i
p h o sp h o ru s  a re  removed to g e th e r  and i t  i s  p o s s ib le  t o  o b ta in  
a  h ig h  g ra d e  s la g  by i n t e r r u p t i n g  th e  r e f i n i n g  when th e  
p h o sp h o ru s  c o n te n t  o f t h e  m e ta l  b a th  i s  ab o u t ,2 <f>. I n  
o r d in a r y  p r a c t i c e ,  how ever, due t o  o th e r  c o n s id e r a t i o n s ,  
t h i s  i s  n o t d o n e , and th e  s l a g  i s  ru n  o f f  when th e  s t e e l  
b a th  i s  re a d y  t o  be ta p p e d .  I f  t h e  p i g - i r o n  c o n ta in s  
much s u lp h u r ,  a  l a r g e r  q u a n t i t y  o f lim e  i s  r e q u i r e d .  As 
lim e  i s  added th e  s l a g  th ic k e n s  and re a c h e s  a  v i s c o s i t y
-  4 -
w h ic h  slow s th e  p ro g re s s  o f th e  " b o i l " .  T h is  may be 
o o r r e c te d  by th e  a d d i t i o n  o f ox ide  o f i r o n  in  t h e  form  
o f  m i l l  s c a le ,  t o  g iv e  f l u i d i t y .  Such t r e a tm e n t  t e n d s  
t o  in c r e a s e  t h e  p h ospho rus and s u lp h u r  In  th e  b a th .  The 
o n ly  t r e a tm e n t  found  t o  g iv e  th e  r e q u ir e d  r e s u l t  i n  su c h  
a c a s e  i s  a d d i t i o n  of f l u o r s p a r .
Thus B a s ic  S la g s  o b ta in e d  from  s t e e l  m an u fa c tu re  
may be  c l a s s i f i e d  i n to  tw o g ro u p s d ep en d in g  on th e  p ro c e s s  
em ployed -  ( I )  B a s ic  B essem er s l a g s ,
(2 )  B a s ic  open h e a r th  s l a g s .
The fo rm e r  g ro u p  g e n e r a l ly  c o n ta in in g  16 -  18 p e r  c e n t .
p h o sp h o r ic  o x id e  ( p2 ° 5  ^ llaV8 t o  be v a lu a b le
f e r t i l i s e r s  when f i n e l y  m i l l e d ,  and may be  te rm ed  a 
b y e - p r o d u c t .
The p e rc e n ta g e  p h o sp h o ric  ox id e  c o n te n t  i n  b a s ic  
open h e a r th  s l a g s  v a r i e s  from  a b o u t >5$ t o  o v er 15^ . Those 
u n d e r  8^  a r e  c o n s id e re d ,  by th e  m a n u fa c tu re r s ,  n o t w o r th  
g r in d in g  f o r  u se  a s  f e r t i l i s e r s ,  b u t  may be u sed  f o r  o th e r  
p u rp o s e s .  The o th e r s  o f t h i s  g ro u p , a c c o rd in g  t o  th e  
C i t r i c  A cid s o l u b i l i t y  t e s t  a r e  s u b -d iv id e d  i n to  tw o c la s s e s
(1 ) o f h ig h  s o l u b i l i t y ,  (2 ) o f low s o l u b i l i t y .  Where 
f l u o r s p a r  has b een  added t o  t h e  s t e e l  fu rn a c e  t h e  second
c l a s s  o f b a s io  s l a g s  I s  u s u a l ly  p ro d u ce d . T hese a re  
commonly r e f e r r e d  t o  a s  " F lu o r s p a r 11 S la g s .  B o th  o f th e s e  
c l a s s e s  a r e  g round f o r  u se  a s  f e r t i l i s e r s .
The im p o rtan ce  o f B a s ic  S la g s  a s  f e r t i l i s e r s  
may be Judged  fro m  th e  q u a n t i t i e s  d e l iv e r e d  f o r  u se  in  
G re a t B r i t a i n ,  1912-32 .
T o n s .
Y ear en d in g  S eptem ber 3 0 , 1912. 2 90 ,000
n w tt n 1920. 440 ,000
n N N it 1921. 248 ,0 0 0
it tt tt N 1922 . 247 ,000
it ft ft tt 1923. 278 ,0 0 0
it It » It 1924. 2 86 ,0 0 0
n It May 31» 1925. 2 4 3 ,5 4 0
tt It it n 1926 . 261 ,160
ti tt » tt 1927. 162,480
it tt n it 1928 . 158,640
it tt it it 1929. 3 21 ,800
tt It it it 1930. 3 05 ,750
it tt it N 1931. 215 ,3 3 0
tt N it It 1932. 152 ,940
F o r  1930> th e  consum ption  o f S u p e rp h o sp h a te  in  G rea t
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B r i t a i n  and I r e l a n d  was 6 64 ,000  t o n s :  th e  im p o rts  o f
M in e ra l  Rock P h o sp h a te  i n t o  t h e  U n ited  Kingdom and I r i s h  
F r e e  S t a te  w ere 496 ,000  t o n s .
An im p o rta n t d i s t i n c t i o n  betw een  B a s ic  S la g  and 
o t h e r  f e r t i l i s e r s  i s  t h a t  t h e  amount a v a i l a b l e  i s  d ep en d en t 
on t h e  demand f o r  s t e e l .  (A p o in t  w o rth y  o f n o te  i n  re g a rd  
t o  t h i s  i s  a  s ta te m e n t ,  a p p e a r in g  in  a  Memorandum by B r i t i s h  
B a s io  S la g ,  L td .  t o  6t h  R ep o rt o f th e  B a s ic  S la g  Com m ittee 
o f t h e  M in is t r y  of A g r ic u l tu r e  and F i s h e r i e s  t o  th e  e f f e c t  
t h a t  " s u f f i c i e n t  s l a g  c a n  be p roduced  by th e  B r i t i s h  S t e e l  
M akers t o  su p p ly  th e  w hole r e q u ire m e n ts  o f t h e  c o u n t r y " .)
M oreover, s in c e  B asio  S la g  I s  a  p ro d u c t o f r e l a t i v e  
u n im p o r ta n c e , when com pared w i th  s t e e l ,  t o  th e  s t e e l  m aker, 
i t  d o e s  n o t  " c a r r y  much w e ig h t"  when changes In  m ethods of 
m a n u fa c tu re  of s t e e l  a r e  in v o lv e d . T hese changes may, 
h o w ev er, make im p o rta n t d i f f e r e n c e s  in  th e  s l a g  p ro d u ce d . 
S u ch  was fo u n d  t o  be  so  when d u r in g  th e  G rea t War, 1 914-18 , 
t h e  B essem er p ro c e s s  was su p e rse d e d  by th e  open h e a r th  m ethod 
o f  d e p h o s p h o r is a t lo n  i n  s t e e l  m a n u fa c tu re . V a r ia t io n s  in  
t h e  w o rk in g  o f th e  open h e a r th  p r o c e s s ,  a s  a l r e a d y  in d ic a t e d ,  
p ro d u ce  f u r t h e r  d i f f e r e n c e s ,  so  t h a t  i n  p la c e  o f b a s ic
•»  ~ J  tm
3 e s se m e r  s l a g ,  w h ich  had b een  d e f i n i t e l y  e s t a b l i s h e d  by 
e x p e r im e n ts  su c h  a s  t h e  w e l l  known C ockle  P a rk  t r i a l s  begun 
by  S i r  Yfin. S om m erv ille  and c o n tin u e d  by S i r  Thomas M id d le to n  
and  D. A. G i l c h r i s t ,  a s  a  v a lu a b le  f e r t i l i s e r ,  t h e r e  ap p ea red  
t h e  open h e a r th  s la g s  whose v a lu e  had t o  be a s s e s s e d .
F o llo w in g  p r e l im in a ry  w ork on t h e s e ,  i n  1920 th e  
F a ra d a y  S o c ie ty  h e ld  a  d i s c u s s io n  o n ^ a s i c  S la g s  -  t h e i r  
p r o d u c t io n  and u t i l i s a t i o n  in  A g r ic u l tu r e " .  T h is  le d  t o  
t h e  a p p o in tm e n t by L ord L ee , M in is te r  o f A g r ic u l tu r e  of a 
B a s io  S la g  C om m ittee, whose te rm s  o f r e f e r e n c e  w ere "To 
c o n s id e r  t h e  developm ent and Im provem ent o f t h e  m an u fa c tu re  
o f b a s i c  s l a g  and th e  e x te n s io n  o f i t s  u s e " .  Ten r e p o r t s ,  
c o n ta in in g  a  l a r g e  amount o f v a lu a b le  in fo rm a tio n  ab o u t th e  
f e r t i l i s i n g  p r o p e r t i e s  o f b a s ic  s la g  have b een  i s s u e d .
About 1928 a t te m p ts  w ere made t o  red u c e  th e  
f l u o r i n e  c o n te n t  o f low s o lu b le  s l a g s ,  w i th  a  view  t o  
in c r e a s in g  th e  s o l u b i l i t y .
The o b je c t  o f t h i s  r e s e a r c h  was t o  s tu d y  th e  
c h e m ic a l c o n s t i t u t i o n  and p r o p e r t i e s  of b a s ic  s la g s  a s  
p ro d u ced  a f t e r  1928, e s p e c i a l l y  th o s e  t o  w h ich  f l u o r s p a r  
had  b e en  added  i n  sm a ll  q u a n t i t i e s ,  and t o  compare th e  
f e r t i l i s i n g  v a lu e  o f a h ig h  c i t r i c  a c id  s o lu b le  and a low
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c i t r i c  a c id  s o lu b le  s l a g .
The r e s u l t s  o b ta in e d  a r e  g iv e n  in  two s e c t i o n s .
P a r t  1 d e a l s  w i th  th e  c o n s t i t u t i o n  and ch em ic a l p r o p e r t i e s .
P a r t  2 d e a l s  w i th  t h e  r e s u l t s  o b ta in e d  in  f i e l d  t r i a l s  on
g r a s s  lan d  and a r a b le  la n d .
A summary o f th e  p re v io u s  l i t e r a t u r e  r e l a t i v e  t o  
e a c h  s e c t i o n  i s  g iv e n  a t  t h e  b e g in n in g  o f each  p a r t .
PART 1 .
Summary o f p re v io u s  L i t e r a t u r e .
A. C arn o t and A. R ic h a rd  (Compt. R e n d ., 1883, 97» 316 .
B u l l .  S o c . F r .  M in. 1883, 6 ,  237) Sxam ined some p r i s m a t i c ,  
b lu e  c r y s t a l s  from  b a s io  s l a g .  They found  them  t o  c o n s i s t  
o f a  m ix tu re  of c a lc iu m  p h o sp h a te  and s i l i c a t e ,
G. H ilg e n s to c k  ( S ta h l  und E is e n  1883, 3> 498) i s o l a t e d  
brow n o rth o rh o m b io  p l a t e s  and found  them  t o  have th e  
c o m p o s it io n  4 Cao.PgOg.
Two ty p e s  o f c r y s t a l s  s i m i l a r  t o  th e  ab o ve-m en tioned  w ere 
n o te d  by A. von  G roddeok and K. Broockmann ( S ta h l  und E is e n ,  
1 8 6 4 , 4 , 1 4 1 ) , b u t  f a i l i n g  t o  d e te c t  s i l i c a  in  th e  b lu e  
c r y s t a l s  th e y  r e p o r te d  them  b o th  a s  t e t r ^ c a lo lu m  p h o sp h a te .
E . J e n s c h  (B e r . 1886, 19> 3093) s t a t e d  t h a t  th e  most 
Im p o r ta n t  compounds i n  b a s ic  s l a g  w ere c a lc iu m  s i l l c o  p h o sp h a te j
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te t r& c a lo lu m  p h o sp h a te , and c a lc iu m  f e r r i t e .
J .  T . S tead*  C. H. R id s d a le ,  and H. A. M ie rs  ( J o u rn . I r o n  
and  S t e e l  I n s t .  1887* 1 , 222* J .  Chem. S oc . 1887* 52 , 601) 
i s o l a t e d  s e v e r a l  ty p e s  o f c r y s t a l s  from  a  b a s ic  B essem er 
S l a g .  T hese w ere  exam ined m ic ro s c o p ic a l ly  and c h e m ic a l ly .
The m in e ra ls  s e p a ra te d  w ere (1 ) T e tra c a lo iu m p h o s p h a te . T h is  
o c c u r re d  in  f a i r l y  la r g e  r e c ta n g u la r  c r y s t a l s ,  w h ich  w ere 
t r a n s p a r e n t ,  o f f a i n t  y e llo w  c o lo u r ,  s l i g h t l y  p le o c h r o ic ,  
and  a p p a r e n t ly  b e lo n g in g  t o  th e  o rth o rh o m b ic  sy s te m .
(2 )  C alcium  s i l i c o  p h o s p h a te . T h is  form ed b lu e  w e l l
d e v e lo p e d  c r y s t a l s  b e lo n g in g  t o  th e  o rtho rhom bic  sy s te m .
They w ere  m arked ly  p le o c h r o ic .
(3 )  The t h i r d  ty p e ,  on c h e m ic a l a n a l y s i s ,  ap p ea re d  t o  be 
t e t r a c a l c l u m  p h o sp h a te , c o n ta in in g  ab o u t 10$ im p u r i ty ,  
m a in ly  f e r r i c  s i l i o a t e .  T hese c r y s t a l s  a p p a r e n t ly  b e lo n g ed  
t o  th e  h ex ag o n a l sy s te m . They gave a h ex ag o n a l c r o s s - s e c t i o n  
sh ew in g  p y ra m id a l c le a v a g e ,  and w ere m arked ly  d i c h r o i c ,  th e  
c o lo u r  v a ry in g  from  l i g h t  t o  d a rk  brow n.
(4 )  " F e a th e r^  c r y s t a l s ,  w hioh  on a n a ly s i s  p roved  t o  be  
com posed o f f e r r o u s  and f e r r i c  o x id e s ,  l im e , and m ag n e s ia .
(5 )  Two v a r i e t i e s  o f * b lao k  s p e a r  shaped  c r y s t a l s  w hioh
re se m b le d  f l a k e s  o f g r a p h i t e " ,  one o f w hioh was a t t r a c t e d  
by a  m ag n e t. E ach c o n s is te d  c h i e f ly  o f l im e , f e r r i c  o x id e , 
and  a lu m in a , w i th  ab o u t 8$ f e r r o u s  ox ide  p re s e n t  in  th e  
m a g n e tic  m a t e r i a l ,
E . B ucking  and G. L in ck  ( S ta h l  und E is e n  1887, 7 , 557) made 
a n  e x a m in a tio n  o f s i m i l a r  m a t e r i a l .  They v e r i f i e d  th e  
o r th o rh o m b ic  n a tu r e  o f t e t r a  o a lo iu m  p h o sp h a te . The b lu e  
s i l i c o  p h o s p h a te , a p p ro x im a te ly  of c o m p o s itio n  4 Cfi^P20g,
3 C a j SiOg ( w i th  f e r r o u s  i r o n  r e p la c in g  p a r t  o f th e  ca lc iu m ) 
w as fo u n d  t o  b e lo n g  t o  th e  m o n o c lin ic  sy s te m . A t h i r d  ty p e  
o f c r y s t a l  o f  c o m p o s itio n  a p p ro x im a te ly  4 Ca^ *2°8* Ca3 S105 .
b e lo n g in g  t o  th e  h e x ag o n a l sy s tem  was fo u n d . The o p t i c a l  
p r o p e r t i e s  w ere s i m i l a r  t o  th o s e  o f th e  h ex ag o n a l compound 
d e s c r ib e d  by S te a d  and R ld s d a le .  In  c o o lin g  from  h ig h  
te m p e r a tu r e s ,  th e  rhom bic t a b u l a r  c r y s t a l s  s e p a r a te  f i r s t ,  
t h e n  th e  h ex ag o n a l ty p e ,  and f i n a l l y  th e  b lu e  m o n o c lin ic  
m a te r ia l*
The c o n c lu s io n s  o f B ucking and L in c k  w ere oom batted  by 
G. H ilg e n s to c k  ( S ta h l  und E is e n ,  1887# 7# 557* 1889# 9# 498) 
who m a in ta in e d  t h a t  th e  v a r io u s  c r y s t a l s  w ere d i f f e r e n t  fa rm s 
o f t e t r a c a l c lu m  p h o sp h a te , w i th  th e  s i l i c a  p re s e n t  a s  an  
im p u r i ty .
G. F o r s t e r  ( Z e i t .  angew. Chem. 1892, 5 , 13) p re p a re d  an  
a n a lo g u e  o f f l u o r a p a t i t e  w i th  th e  fo rm u la  3 Ca^ P2 0q CaO 
and s t a t e d  t h a t  t h i s  i s  found  in  th e  r e s id u e  when b a s ic  s la g  
i s  t r e a t e d  w i th  c i t r i c  a c id .
F u r t h e r  c r y s t a l lo g r a p h ic  d e t a i l s  o f t e t r a c a l c iu m  p h o sp h a te  
w e re  g iv e n  in  1895 by T erm ie r and R ic h a rd  ( B u l l .  S o c . M in. 
1 8 9 5 , 18 , 3 9 1 ) .
The same y e a r ,  A. C arno t (Ann. M ines, 1895, 8 , 300) rev iew ed  
t h e  w hole q u e s t io n  o f th e  n a tu r e  of th e  compounds found  in  
b a s i c  s l a g ,  and m a in ta in e d  th e  I n d i v id u a l i t y  o f th e  s l l l c o  
p h o sp h a te s  d e s c r ib e d  by S te a d  and h im s e l f .
C . G. T. M orison  ( J .  A gr. S c i .  1909# 3# 161) s u g g e s te d  t h a t  
t h e  p h o sp h o ru s compound in  b a s ic  s la g  was a  s l l l e o  p h o sp h a te  
h a v in g  ap p ro x im a te  c o m p o s itio n  F eo . 5 CaO. P2 ° 5 # S i02 # He 
c o n c lu d e s  t h a t  f r e e  lim e and c a lc iu m  p re s e n t  a s  c a rb o n a te  
d o e s  n o t exceed 7^$  &nd d i s c u s s e s  th e  a c t io n  o f c a lc iu m  
compounds on t h e  s o l u b i l i t y  o f phospho rus compounds p r e s e n t  
i n  a  s o l u t i o n  o f c a rb o n  d io x id e .
J .  H e n d ric k  ( J .  S o c . Chem. In d . 1909# 2 8 , T75; 1911# 3 0 , 520)
showed by c h e m ic a l t e s t s  t h a t  a  c o n s id e ra b le  amount o f th e  
" l im e "  p r e s e n t  in  b a s ic  s la g s  i s  c a p a b le  o f a c t in g  a s  a b a s e .
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The n a tu r e  o f t h e  c a lc iu m  compounds was however n o t 
d e te rm in e d .
V . A. K r o l l  ( S ta h l  und E is e n ,  1908, 2 8 , 675: J o u rn .  I r o n  
S t e e l  I n s t . 1911# i i ,  126) p u b lis h e d  a d i s c u s s io n  on p re v io u s  
w o rk  w i th  an  a cc o u n t of h i s  own i n v e s t i g a t i o n s .  He s t a t e d  
t h a t  a n o th e r  s i l l c o  p h o sp h a te  a p p ro x im a te ly  6 CaC 
2 CaO SiOg was th e  c h ie f  c o n s t i t u e n t  o f Thomas s la g  and 
t h a t  th e  tw o s i l i o o  p h o sp h a te s  p re v io u s ly  d e s c r ib e d  had b een  
fo rm ed  from  t h i s  d u r in g  slow c o o l in g .  T h is  s i l i c o  p h o sp h a te  
i s  d e s c r ib e d  a s  o c c u r r in g  in  th e  fo rm  o f g r e e n is h  b lu e  
h e x a g o n a l c r y s t a l s .  F u r th e r  o p t i c a l  d a ta  i s  how ever n o t 
g iv e n .  He a l s o  m en tio n s  th e  o o c u rre n ee  o f  compounds of 
t h e  s p i n e l  g ro u p , and o f f r e e  o x id e s .
G. H ilg e n s to o k  ( S ta h l  und E is e n , 1909, 2 9 , 1478) however 
s t i l l  m a in ta in e d  t h a t  th e  s i l i c o  p h o sp h a te  sh o u ld  be 
s e p a r a te d  i n to  a  p h o sp h a te  and a  s l l l o a t e ,  t e t r a b a s l c l t y  
o f  th e  fo rm e r  b e in g  m a in ta in e d .
A bout t h i s  tim e  5 .  Blome ( S ta h l  und E is e n ,  1910, 3 0 , 2161 
M e ta l lu r g ic  1910, 7 , 659 and 698) exam ined th e  sy stem  
c a lc iu m  p h o sp h a te  (4  CaO *2%^ oa lo lum  s i l i c a t e  (2 CaO filOg)
and  fo u n d  tw o on th e  m e lt in g  p o in t  cu rv e  c o rre sp o n d in g
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t o  (1 ) 4 CaO P2 05 2 CaO S i02
(11) 4 CaO P2 05 4 (CaO SlOg)
T h is  w ork  was c r i t i c i s e d  by H a r tle b  ( Z e i t .  o f f  Chem. 1911, 
17» 381s 1912, 18 , 221) who s t a t e d  t h a t  t h e  o c c u rre n c e  of 
t e t r a c a l o i u m  p h o sp h a te  in  b a s ic  s la g  was r a r e .
E . S te in w eg  ( Z e i t .  Geo. H u t t .  1912, 9 * 28) in v e s t ig a te d  
t h e  In f lu e n c e  o f c o o lin g  on th e  r e l a t i v e  p ro p o r t io n s  of 
t h e  p h o sp h a te  and s i l i c o  p h o sp h a te , and con firm ed  K r o l l ’ s 
o b s e r v a t io n  t h a t  slow  c o o lin g  fa v o u re d  th e  fo rm a tio n  o f 
s i l i c o  p h o s p h a te s .
0 .  N ie ls e n  (F e rru m . 1913 > 1 0* 97) bns in v e s t ig a te d  i n  p a r t
t h e  sy s te m  CaO S i02 P2 O5 * fo u n d  maxima a t  p o in ts
r e p r e s e n te d  by Ca-j PgOg and Ca3 ^  S i0 2 • No 0* * lc a l
d a t a  was g iv e n .
M. Popp and c o -w o rk e rs  ( J .  Landw ., V e r. S t a t .  1913» 19* 229) 
a g re e d  w i th  th e  c o n c lu s io n s  o f S te a d  and C a rn o t.
S . H. C o l l in s  and A. A. H a ll  ( J .  S o c . Chem. In d . 1915, 34) 
c o n c lu d e d  t h a t  th e  c i t r i c  s o l u b i l i t y  o f s la g s  i s  c o r r e l a t e d  
w i th  t h e  c o n s t i t u e n t s  o f s l a g s  in  su ch  a  m anner t h a t  i t  may 
fo rm  a u s e f u l  t e s t  p ro v id e d  t h a t  i t s  a r b i t r a r y  and 
c o n v e n t io n a l  c h a r a c t e r  i s  r e c o g n is e d .
G. S . R o b e rtso n  ( J .  Soo. Chem. In d . 1916, 3 5 , 216) showed
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t h a t  t h e  p r o p e r t i e s  o f b a s ic  s la g  a re  m o d ified  by th e  
a d d i t i o n  o f f l u o r s p a r  t o  th e  m elt*  " th e  p h o sp h a te  o r 
p h o s p h a te s  which su ch  a  s la g  c o n ta in s  do n o t a p p e a r  t o  be 
i n  c o m b in a tio n  w i th  s i l i c a  and th e y  seem t o  b e a r  a v e ry  
c lo s e  re sem b lan ce  t o  th o s e  c o n ta in e d  in  m in e ra l  p h o sp h a te " * 
The o f f i c i a l  c i t r i c  a c id  t e s t  shewed lew s o l u b i l i t y  o f th e  
p h o sp h a te  w h ich  was c o m p le te ly  s o lu b le  i f  th e  e x t r a c t io n  
was r e p e a te d  s u f f i c i e n t l y .
H. B a s s e t t  ( J .  Chem. S o c . 1917> i i i >  620) in  a s tu d y  o f th e  
p h o s p h a te s  o f c a lc iu m  fo und  no e v id e n ce  of th e  e x is te n c e  of 
t e t r a c a l e i u m  p h o sp h a te  b u t he o b ta in e d  w hat he re g a rd e d  a s  
hydroxy  a p a t i t e  w i th  a  f a i r l y  e x te n s iv e  r e g io n  o f s t a b i l i t y .  
He s t a t e s  t h a t  o f a l l  th e  c a lc iu m  p h o sp h a te s  t h i s  i s  th e  
o n ly  one n o t decom posed by w a te r ,  and i t  can  d i s s o lv e  
unchanged  b u t t h e  s a tu r a t e d  s o l u t io n  i s  e x tre m e ly  d i l u t e ,
A. A. Ramsay ( J .  A gr. S c i .  1917> 8 , 277) found  t h a t  a d d i t io n  
o f c a lc iu m  c a rb o n a te  t o  t r io a lc iu m  p h o sp h a te  reduced  th e  
p e rc e n ta g e  s o l u b i l i t y  f i g u r e  o f th e  p h o sp h o ric  o x id e . He 
s t a t e d  t h a t  *2$ c i t r i o  a d d  i s  more c o r r e c t l y  a s o lv e n t  f o r  
lim e  th a n  f o r  p h o sp h o ric  a c id " ,  and from  h is  e x p e rim e n ts  
c o n c lu d e d  t h a t  th e  m a n u r la l  v a lu e  o f p h o sp h a te s  c an n o t be 
d e te rm in e d  by a  2$ c i t r i c  a c id  s o lv e n t .
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F . B a in b r id g e  (T ra n s . F a rad ay  Soc. 1921, 16, 302) i d e n t i f i e d  
f l u o r a p a t i t e , i n  s la g s  t o  w h ich  f l u o r s p a r  had b een  added , b o th  
b y  a n a l y s i s  and m ic ro -e x a m in a tio n . The c o m p o s itio n  of th e  
m a g n e tic  m a te r i a l  in  t h e  s la g  was s im i l a r  t o  t h a t  o f th e  
" f e a th e r y "  c r y s t a l s  d e s c r ib e d  by S te a d  and F id s d a le .
N. S h e ld o n  (T ra n s . F a rad ay  S oc . 1921, 16 , 310) exam ined 
f l u o r s p a r  s l a g s .  He found  th e  two above-m en tioned  ty p e s  
o f c r y s t a l s  p r e s e n t ,  t o g e th e r  w i th  y e llcw -b ro w n  hexagonal 
and s m a ll  a n g u la r  f ra g m e n ts  o f a n o th e r  s u b s ta n c e . B a in b rid g e  
s u g g e s te d  t h a t  th e  fo rm e r i s  th e  p h o sp h a te  and th e  l a t t e r  
c a lc iu m  o r t h o s l l l o a t e .
A.. S c o t t  and D.N. M cA rthur ( J .  West S c o tla n d  I r o n  and S te e l  
I n s t .  1922, 2 9 , 79) p u b lis h e d  d e t a i l e d  r e s u l t s  o f m ic ro sc o p ic  
e x a m in a tio n  o f b a s ic  open h e a r th  and b a s ic  B essem er s l a g s .  
P o l is h e d  and e tc h e d  specim ens w ere exam ined by r e f l e c t e d  
l i g h t ,  and t h i n  s e c t io n s  in  t r a n s m i t te d  l i g h t .  Chem ical 
a n a ly s e s  o f th e  s la g s  and t h e i r  m o le c u la r  fo rm u lae  a re  
g iv e n .  N o n - f lu o rs p a r  s la g s  w ere found  t o  c o n s i s t  e s s e n t i a l l y  
o f  t h r e e  ty p e s  o f oompounds -  s l l l o o  p h o sp h a te s , s p l n e l l o l d  
compounds and f r e e  o x id e s .  T hree s l l i c o  p h o sp h a te s  w ere 
fo u n d  p r e s e n t  i n  th e  s la g s  exam ined, a lth o u g h  n e v e r  more 
t h a n  tw o 00- e x i s t i n g  in  one s l a g .
( 1 )  The brown c r y s t a l s  d e s c r ib e d  by S tead  and R id sd a le  
w i t h  r a t i o  SiOg s P2°5*  1 : 4 *
( 2 )  The p le o c h ro lc  c r y s t a l s  d e s c r ib e d  by S te ad  and 
R id s d a le ,  t h e  SiOg : P2 °5 r a t i o  k « iu g  u n i ty .
(3 )  A new s l l i c o  p h o sp h a te  f i r s t  d e s c r ib e d  by th e  
a u th o r s  whose SiO^ : Pg05 r a t i o  i s  3 s 1 . T h is  compound 
o c c u r s  a s  c o lo u r l e s s  o r p r a c t i c a l l y  c o lo u r le s s  non p le o c h ro lc  
c r y s t a l s  w i th  o p t i c a l  p r o p e r t i e s  a p p ro x im a tin g  t o  th e  b lu e  
s l l i c o  p h o sp h a te .
W ith  f l u o r s p a r  s la g s  a  d e c id e d ly  d i f f e r e n t  
e q u i l ib r iu m  was n o te d .  The c a lc iu m  f l u o r id e  had combined 
w i th  th e  p h o sp h a te  t o  g iv e  f l u o r a p a t i t e .  The s l l l o a  was
p r e s e n t  a s  d lc& lc lum  s i l i c a t e .
No e v id e n ce  was o b ta in e d  t o  show t h a t  th e  
i n t r o d u c t i o n  o f f l u o r s p a r  caused  th e  e q u i l ib r iu m  betw een  
t h e  8 p ln e l lo ld  m a te r i a l  and th e  f r e e  o x id es  t o  d i f f e r  from  
t h a t  o b ta in e d  in  t h e  n o n - f lu o r s p a r  s l a g s .
J .  P . T ocher ( J .  A gr. S o l .  1922, 12 , 125) in  a s tu d y  o f th e  
c i t r i o  a c id  s o l u b i l i t y  o f m in e ra l  p h o sp h a te s  co n c lu d ed  t h a t  
" c i t r i c  s o l u b i l i t y ,  i f  a p p lie d  t o  f e r t i l i s e r s ,  may in  a 
c e r t a i n  d e g re e  be a  m easure  ( l )  o f f in e n e s s  o f g r in d in g  a s
a l r e a d y  p o in te d  ou t by o th e r  w o rk e rs ,  b u t  i t  seems n e c e s s a ry  
a l s o  t o  p o s t u l a t e  s i m i l a r i t y  o f  c o m p o s it io n  in  com paring 
d e g r e e s  o f f i n e n e s s  i n  p r a c t ic e *  (2) of t h e  p re se n c e  o r  
a b s e n c e  o f  a l k a l i n e  s u b s ta n c e s  i n  f e r t i l i s e r s  a p p ro x im a te ly  
o f  t h e  same c o m p o s i t io n  and ground t o  t h e  same d eg re e  of 
f i n e n e s s *  (3) of t h e  p re s e n c e  o r  ab sence  of f l u o r i d e s  a s  
w e l l  a s  a l k a l i n e  s u b s ta n c e s  i n  s la g s*  and (4) of t h e  
d i f f e r e n c e s  i n  t h e  c o n s t i t u t i o n  of t h e  p h o sp h a t ic  compounds 
i n  f i n e l y  ground f e r t i l i s e r s  c o n ta in in g  a p p ro x im a te ly  t h e  
same p r o p o r t i o n s  o f e x t r a n e o u s  s u b s t a n c e s " .
G. s. R ob ert  so n  and F .  D ic k in so n  ( J .  Soc , Chem. In d .  1923 > 
4 2 ,  5 9 ,  1) w h i le  r e a l i s i n g  t h e  e m p i r i c a l  n a tu r e  o f  c i t r i c  
a c i d  s o l u b i l i t y  su g g e s te d  a  m o d if ied  c i t r i c  a c id  t e s t  a s
a means o f  o b t a in in g  a  ro ugh  v a lu e  o f  i n s o l u b l e  p h o sp h a t ic  
f e r t i l i s e r s .
H. F .  L . B i s c h o f f  and B. de C. Marc hand ( J .  S . A f r ic a n  Chem. 
I n s t .  1923 , 6 , 53) i n  d e te rm in in g  c i t r i c  s o lu b le  PgOg i n  
b a s i c  s l a g  found  t h a t  v a r i a t i o n s  i n  t im e  of s h a k in g ,  ty p e
o f  s h a k e r ,  and volume o f  s o l u t i o n  can  be made w i th o u t  much 
i n f l u e n c e  on t h e  r e s u l t .  F in e  g r in d in g  of t h e  sample 
p r e v io u s  t o  d e te r m in in g  t h e  s o l u b i l i t y ,  of bone and ro c k
p h o s p h a t e s ,  i n  c i t r i o  a o id  had a  marked e f f e c t  on t h e  
amount o f  p h o sp h o r ic  o x ide  d is s o lv e d *
E . V an stone  ( J .  Agr. S c i .  1925, 15, 36) i n v e s t i g a t e d  t h e  
r e l a t i o n s h i p  be tw een  p h o sp h a te  s o lu b le  i n  2<f> c i t r i c  a c id  
and  t o t a l  p h o sp h a te  i n  t h e  c a se  of p h o sp h a te s  of known 
c o m p o s i t io n ,  b a s i c  s l a g s  and m in e ra l  p h o s p h a te s .  He 
c o n c lu d e d  t h a t  i n  th e  o a se  of t h r e e  s l a g s  of d i f f e r e n t  
c i t r i c  s o l u b i l i t y  t h a t  t h e  c i t r i c  s o l u b i l i t y  i s  c o n s ta n t  
In d e p e n d e n t  of t h e  sample w e igh t u sed  i n  t h e  t e s t ,  "when 
a l lo w a n c e  i s  made f o r  a  sm a l l  c o n s ta n t  e r r o r  i n  t h e  
d e t e r m i n a t i o n "  and s t a t e d  t h a t  * th e  Wagner t e s t  i s  n o t  so  
e m p i r i c a l  a s  u s u a l l y  su p p o sed " .
V an stone’s f i g u r e s  f o r  t h e  c i t r i c  s o l u b i l i t y  of t h e  t h r e e
b a s i c  s l a g s  w i t h  p e rc e n ta g e  c i t r i c  s o l u b i l i t y  c a l c u l a t e d
a r e  g iv e n  b e lo w .
" T a b le  111 p .3 9 .
C i t r i o  s o l u b i l i t y  o f b a s i c  s l a g s .
Ho. 1 Ho. 2 .  Ho. 3 .
W eight
t a k e n .
(g m .)
*2^5p r e s e n t
(gm.)
. s o l u b l e .
(g » . )
P2°5p re s e n t
(gm.)
. s o l u b l e .
(gm.)
P2 °5p r e s e n t . s o l u b l e  
(gm.) (gm.)
1 .1749 .1674 .1032 •OTO .0849 .0520
3 .5247 .4674 .3096 .1633 .2547 .0970
5 .8745 .7642 .516 .2645 .4245 .1493
8 X 1 .0 494 .9126 .8256 .4073 .6192 .2247 „
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P e rc e n ta g e  c i t r i c  s o l u b i l i t y  o f PgOg.
No. 1 . No. 2 . No. 3 .
1 9 5 .7 6 8 .1 6 1 .2
3 6 9 .1 5 2 .7 3 8 .1
5 8 7 .4 5 1 .3 3 5 .2
8 8 7 .0 4 9 .3 3 3 .1
I n  a n o th e r  p a p e r  ( J .  Agr. S c i .  1925, 15, 491) Vanstone 
p ro p o se d  t h e  u se  of 2$  o x a l ic  a c id  s o l u t i o n  t o  e l im in a te  
t h e  e f f e c t  of s o l u b l e  c a lc iu m  in  e v a lu a t in g  b a s ic  s l a g s  
and m in e r a l  p h o s p h a te s .
The c h e m is t ry  o f b a s i c  s l a g s  formed t h e  s u b je c t  m a t t e r  o f 
a n o th e r  p a p e r  by t h e  same a u th o r  ( J .  Agr. S c i .  1927, 17, 143 ) .  
He t r e a t e d  two s l a g s ,  d i f f e r i n g  i n  s o l u b i l i t y  and phosphate  
c o n t e n t ,  f o r  lo ng  p e r io d s  w i t h  a  b o i l i n g  s o l u t i o n  of ammonium 
c h l o r i d e ,  and found  t h a t  th e  l w  g rade  s l a g  l o s t  abou t 70$ 
of t h e  t o t a l  lim e and v e ry  l i t t l e  ph osph o ric  a d d .  The 
s l a g  r e s i d u e  was th u s  c o n s id e r a b ly  e n r ic h e d  i n  phosphate  
c o n t e n t .  The h ig h  s o lu b le  h ig h  g rad e  s l a g  a l s o  l o s t  a 
l a r g e  p e r c e n ta g e  o f  t h e  t o t a l  lim e b u t  l a r g e  amounts of 
p h o s p h o r ic  a c id  w ere  a l s o  found in  s o l u t i o n .  He concluded  
f ro m  s o l u b i l i t y  e x p e r im e n ts  t h a t  a s l l i c o  phosphate  was
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p r e s e n t  i n  t h e  h ig h  s o lu b le  s l a g  b u t  n o t  i n  t h e  low grade  
low  s o l u b l e  s l a g .  The c i t r i c  a c id  s o l u b i l i t y  of t h e  
r e s i d u e s  a f t e r  t r e a tm e n t  w i t h  ammonium c h lo r i d e  was 
d e te r m in e d .  The view  t h a t  f l u o r s p a r  s l a g s  c o n ta in  t h e  
p h o s p h a te  a s  f l u o r a p a t i t e  was co n firm ed .
T . D unkel ( S t a h l  und E is e n  1927 , 47 , 1205) found t h a t  t h e  
r a t e  o f  c o o l in g  of c o n v e r t e r  s l a g ,  i . e .  Thom asslag, 
w i t h o u t  i n f lu e n c e  on t h e  c i t r i c  a c id  s o l u b i l i t y ,  w hich  
c o u ld  be i n c r e a s e d  by a d d i t i o n  of c e r t a i n  q u a n t i t i e s  of 
s i l i c a  t o  g iv e  a  f i x e d  SiO_ : Po 0_ r a t i o .
A. S u l lw a ld  ( S t a h l  und E is e n  1928, 48 , 547) found t h a t  under 
o r d i n a r y  c o n d i t i o n s  t h e  r a t e  o f  o o o l ln g  had no in f lu e n o e  on 
t h e  c i t r i o  s o l u b i l i t y  o f  s l a g s .  Rapid quench ing  o r  
g r a n u l a t i o n  i n  w a te r  however d e o re a se d  t h e  s o l u b i l i t y .  When 
b a s i c  s l a g  was co o le d  i n  l a r g e  b lo c k s  t h e  t o t a l  and c i t r i c  
s o l u b l e  p h o sp h o r ic  a c id  In c re a s e d  r e g u l a r l y  from  t h e  o u ts id e  
t o  t h e  m id d le .
S .  Smeja (P rz e m y s l .  Chem. 1928, 12, 137) i n d ic a te d  t h a t  th e  
f i n a l  e q u i l i b r i u m  o f r e a c t i o n  betw een c i t r i c  a c id  and 
t r i c a l c l u m  p h o sp h a te  depends on f i n e n e s s ,  t e m p e r a tu re ,  t im e  
o f  a c t i o n  and q u a n t i t y  of w a te r  p r e s e n t .
H. W eiss (A rohw ., E is e n h u t te n w . 1928. 2 ,  81) i n v e s t i g a t e d
-  21 -
f f t c t o r s  i n f lu e n c i n g  s o l u b i l i t y  o f Thomas s l a g s .  He found, 
t h a t  t h e  i n f lu e n c e  of c o o l in g  on s o l u b i l i t y  was s l i g h t  and 
t h a t  t h e  u n fa v o u ra b le  i n f lu e n c e  of h a rd n e ss  of some s l a g s  
on s o l u b i l i t y  was l a r g e l y  m e c h a n ic a l .
H. S c h n e id e rh o h n  ( M i t t .  K a is e r  W ilhelm I n s t .  E is e n  f o r s c h  
D u s s e l d o r f ,  1928, 10, 213 -  C f.C .A . 1929, p .  2679) d e a l in g
w i t h  Thomas s l a g s  examined t h r e e  d i f f e r e n t  s t a t e s  of c o o l in g  
w i t h  and w i th o u t  a d d i t i o n s  of s i l i c a .  The m ioroscop io  
r e c o g n i s a b l e  c o n s t i t u e n t s  were a s c e r t a i n e d  and n o te d ,  
and t h e  s t r u c t u r e  and t e x t u r e  o f t h e  i n d iv i d u a l  sam ples 
d e s c r i b e d  and e x p la in e d .  Tempering e x p e r im e n ts  showed 
t h a t  no d e c o m p o s i t io n  o c c u r re d ,  and t h a t  t h e  e x i s t i n g  p a r t s  
o f  t h e  m ix tu re  w ere  con ce iv ed  a s  s t a t e s  o f e q u i l ib r iu m
d e p e n d in g  on t h e  c o n c e n t r a t i o n  of t h e  su b s ta n c e s  c o n ce rn e d . 
Only t h e  g r a i n  s i z e  was in c r e a s e d  by t h e  te m p e r in g .  To 
e s t a b l i s h  t h e  n a tu r e  o f t h e  c o n s t i t u e n t s  o f t h e  m ix tu re  
s o l u b i l i t y  e x p e r im e n ts  w ere  conducted  and t h e  s o lu b le  
c o n s t i t u e n t s  a n a ly s e d .  S l l i c o  c a r n o t i t e ,  5 CaO SiOg,
c r y s t a l l i s e d  ox ide  of c a lc iu m , magnesium, i r o n ,  and alum inium , 
and  i n  sam ples  w i th o u t  added s i l i c a  h i l g e n s t o c k i t e  4 CaO 
w ere  i n d i c a t e d .  As t h e  cau se  of th e  unequal c i t r i o  
s o l u b i l i t y  o f t h e  s l a g s  w i t h  and w i th o u t  s i l i c i c  a c id  added
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w as r e c o g n is e d  f i r s t  of a l l  t h e  s o lu b le  c a lc iu m  compounds, 
w h ic h  r e p r e s s  t h e  s o l u b i l i t y  of t h e  s i l i c o  c a r n o t i t e ,  w h ile  
t h e  d i s s i m i l a r  io n s  go ing  i n t o  s o l u t i o n  i n  t h e  sample w i th  
a d d i t i o n  In c r e a s e d  t h e  s o l u b i l i t y  of t h e  s i l i c o  c a r n o t i t e .  
A t t e n t i o n  i s  d i r e c t e d  t o  th e  n e u t r a l i s i n g  v a lu e  of s l a g s  
and t o  t h e  e s t im a t i o n  of e f f e c t i v e  lim e c o n te n t .
Prom t h e  change i n  r e a c t i o n  of an  a c id  s o i l  by t h e  adm ix tu re  
o f  b a s i c  s l a g  -  C. B r io u x  and E. J o u i s  (Compt. Rend. 1929,
1 8 9 , 117) e s t im a te d  t h e  a c t i v e  " l im e"  c o n te n t  t o  be  more t h a n  
30$. |
j
E . J .  J a n i t z s k y  ( i r o n  Age 1929* 124, 1235) gave r e p o r t  of 
c h e m ic a l  a n a l y s e s ,  c o lo u r ,  c o n fo rm a tio n  and t e x t u r e  of spoon 
sam p les  o f s l a g  from  tw e n ty  b a s i c  open h e a r t h  s t e e l  h e a t s .
J .  Kuusk (A c ta .  Commentationes Univ. T a r tu e n s i s  1930, 20A, 1) 
s t u d i e d  t h e  optimum c o n d i t i o n s  f o r  fo rm a t io n  of c i t r i c  s o lu b le  
p h o sp h a te  by h e a t in g  n a t u r a l  p h o sp h a te s ,  of f l u o r a p a t i t e  
s t r u c t u r e ,  w i th  s i l i c a .  The p re sen c e  of more t h a n  10$ of f e r r i c  
o x id e  and a lu m ina  low ered  th e  c i t r i c  s o l u b i l i t y  o f t h e  phosphate. 
Kuusk th o u g h t  t h a t  t h e  c i t r i c  s o lu b le  ph o sp h o ric  ox ide  i s  
p r e s e n t  a s  a s i l i c o  p h o sp h a te .  3 C a ^ (P 0 ^ C a S iO ^  which 
r e s u l t e d  from  t h e  rep la ce m e n t by S io2 of t h e  f l u o r i n e  
i n  t h e  f  l u o r a p a t i t e  compound: t h e  f l u o r i n e
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b e i n g  v o l a t i l i s e d  a s  s i l i c o n  t e t r a f l u o r i d e .
A. W ilh e lw lJ  (Z . P f  l a n  2 Dftng 1931, 19A, 129) gave a 
d e t a i l e d  a c c o u n t  o f t h e  s o l u b i l i t i e s  and f e r t i l i s e r  v a lu e s  
o f  a l a r g e  s e r i e s  of t y p i c a l  German b a s i c  s l a g s .  They a r e  
a l l  o f  t h e  h ig h  s o l u b l e  ty p e  by t h e  c i t r i c  a c id  t e s t ,  and no 
m e n t io n  i s  made of t h e  low s o l u b l e  ty p e  w h ic h  u n t i l  t h e  l a s t  
few  y e a r s  form ed a b o u t  h a l f  o f  t h e  B r i t i s h  p r o d u c t io n  ( i n
t h e  low s o l u b l e  t o t a l  was 4 1 ,2 4 3  t o n s ) .  As much a s  
7 0 -8 0 $  o f  t h e  t o t a l  p h o sp h o r ic  ox ide  i n  t h e  German s l a g s  
t e s t e d  by  W i l h e l n i j  was s o l u b l e  p ro v id e d  t h e  e x t r a c t i o n s  
w ere  r e p e a t e d  s u f f i c i e n t l y .  The r a t e  o f  d i s s o l u t i o n  v a r i e d  
c o n s i d e r a b l y  b u t  was g r e a t e s t  i n  s l a g s  w i t h  much s o l u b l e  
s i l i c a ,  a s  d e te rm in e d  by e x t r a c t i o n  w i t h  a  5$ s o l u t i o n  of 
sod ium  c a r b o n a t e .  The e s s e n t i a l  component i s  b e l i e v e d  by 
W i l h e l n i j  t o  be  a  d o u b le  s a l t  o f  t e t r a c a l c i u m  p h o sp h a te  and 
c a lc iu m  m e t a s i l i c a t e ,  w h ic h  b r e a k s  up i n  w a t e r  and u n d e rg o e s  
f u r t h e r  d e c o m p o s i t io n  t o  g iv e  d i c a lc i u m  p h o sp h a te  and c a lc iu m  
h y d r o x id e .  The s o l u b i l i t y  and a v a i l a b i l i t y  of t h e  p h o sp h o r ic  
a c i d  i n  s l a g  i s  c o n s id e r e d  t o  depend  on t h e  amount of l im e  and 
s i l i c a  p r e s e n t  and on t h e  r a t e  o f  d e c o m p o s i t io n  of t n e  d o u b le  
s a l t ,  and t h i s  i n  t u r n  on %he r a t e  o f  c o o l i n g  o f  t h e  s l a g .  
M odem  s l a g s  a r e  reckon ed  t o  be  c o o le d  more q u ic k ly  and a r e
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m ore r e a d i l y  s o l u b l e  t h a n  t h e  o ld  ones I n  most o f  t h e  
r e c o r d e d  e x p e r im e n ts .
D i f f e r e n t  v iew s fro m  t h o s e  of W ilh e lr r iJ  a r e  pu t  fo rw a rd
by  H. S c h n e id e rh o h n  (A rch . E i s e n h u t t e n w . 1931, 5 ,  9) who
s t a t e s  t h a t  t e t r a c a l c l u m  p h o sp h a te  i s  a l e s s  common and l e s s
s o l u b l e  compound t h a n  s l l i c o  c a r n o t i t e  and i s  form ed on ly
when t h e  s i l i c a  c o n te n t  i s  l e s s  t h a n  5 CaO : 1 P^O,. : 1 S iO ^.2 5 2
He a l s o  showed t h a t  a d d i t i o n  of f l u o r s p a r  t o  g iv e  1$ P .  i n  
t h e  s l a g  may re d u c e  t h e  o i t r i o  s o l u b i l i t y  from  more t h a n  90$ 
t o  a b o u t  4 $ .
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EXAMINATION OP TWO BASIC OPEN HEARTH SLAGS AS SUPPLIED 
FOR FERTILISER, (NOV. 1 9 5 0 ) .
N o. 1. No f l u o r s p a r  had b e e n  added t o  t h e  s t e e l  b a t h .
N o. 2 .  F l u o r s p a r  had b e en  added d u r in g  t h e  d e p h o s p h o r i s a t i o n  
p r o c e s s .
O th e r  d e t a i l s  o f  m a n u fa c tu r e ,  and lump sam ples o f t h e  
b a l l  s l a g ,  i . e .  b e f o r e  g r i n d i n g ,  f o r  p r e p a r a t i o n  of s e c t i o n s  
f o r  m ic ro s c o p ic  e x a m in a t io n  w ere n o t o b t a i n a b l e .
T a b le  No. 1 .  C hem lca 1 c ompos i t  io n s  .
S l a g  1. S la g  2
#  CaO 4 5 .9 9 4 9 .1 8
* P2 °5 12 .5 5 10 .7 1
i  sio2 11.00 14 .3 0
f  MgO 7 .0 0 5 .9 0
#  F.O 9 .2 0 3 .7 0
$ P«2°3 4 .7 0 5 .2 8
MnO 7 .1 0 6 .6 0
1 .1 0 2 .7 0
J  ^<}> s 0 .2 0 0 .2 6
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T a b le  No. 2  M o le c u la r  C o n c e n t r a t i o n s ,
S l a g  1 . S la g  2 .
CaO .785 .8 7 7
P2 ° 5 .0 8 8 3 .0754
SiOg .182 .237
MgO. .174 .146
PeO .128 .0515
Fe 0 
2  3
.0294 .0331
MnO .100 .0931
A 1 0  
2  3 .0108 .0265
The m o le c u la r  fo rm u la e  e x p re s s e d  a c c o rd in g  t o  t h e  method 
o f  S c o t t  and M cArthur ( 1 ) : -
MgO .174 |  Pe2 05  .0294 ) SiOg .182
MnO .100 ) A1 0 .0108  ) Po 0«- .088
2  3 2  5
1 .
CaO .785
.
FeO .128
2 .
CaO .877
MgO .146
MnO .093
FeO .0515
SlOk .155
I . e .  Ro s .0339 Ro 0 s 2
2 5 P2 05 .0748
Pe2 03 .0331 ) SiOg .237
AlgO^ .0265 ) P O, .0754
i . e .  RO : Rd0?*051 : S102 ,2° 5 
^ Pg05 .0646
A tte m p ts  t o  s e p a r a t e  some of t h e  Im p o r ta n t  c o n s t i t u e n t s  
o f  t h e s e  s l a g s , by making u se  o f  d i f f e r e n c e s  In  t h e  
p h y s l o a l  p r o p e r t i e s  su c h  a s  d e n s i t y , m ag n e tic  a t t r a c t  I o n , 
and h a r d n e s s  a s  e x h i b i t e d  i n  power o f  r e s i s t a n c e  t o  g r i n d i n g ,  
o f  t h e  component compounds w ere  t r i e d  ou t on s m a l l  s a m p le s .
A heavy  l i q u i d  s e p a r a t i o n  u s in g  brom oform , a s  i n  common 
g e o l o g i c a l  p r a c t i c e ,  p roved  u n s a t i s f a c t o r y  in  b o th  c a s e s  
d u e  t o  t h e  f o r m a t io n  o f  a g g r e g a t e s .  T h is  u n fa v o u r a b le  
e f f e c t  due t o  p a r t i c l e  s i z e  was f u r t h e r  d e m o n s tra te d  i n  an  
a t t e m p t e d  s e p a r a t i o n  w i t h  t h e  e l e c t r o  m ag n e t.  No s e p a r a t i o n  
was o b ta in e d  w i t h  t h e  sam p les  u s e d .
S e p a r a t i o n  o f  t h e  s l a g s  i n t o  f i v e  f r a c t i o n s ,  a c c o rd in g  t o  
p a r t i c l e  s i z e ,  by s i e v i n g  was c a r r i e d  o u t .
F r a c t i o n s .
(1 )  r e f u s i n g  t o  p a s s  s i e v e  w i t h  100 meshes t o  t h e  l i n e a r
i n c h  ( o f f i c i a l  s i e v e  f o r  t e s t i n g  f i n e n e s s  o f  b a s i c  
s l a g s ) .
(2 )  p a s s in g  100 mesh s i e v e ,  b u t  r e f u s i n g  s i e v e  o f  120 meshes
t o  t h e  l i n e a r  i n c h .
(3 )  p a s s in g  100 and 120 s i e v e s ,  b u t  r e f u s i n g  150 mesh s i e v e .
(4 )  p a s s i n g  100, 120, and 150 s i e v e s ,  b u t  r e f u s i n g  2 0 0 .
(5 )  p a s s i n g  t h r o u g h  a l l  f o u r  s i e v e s .
The amount o f  e a c h  f r a c t i o n  o b ta in e d  f ro m  a  g iv e n  sam ple  
was n o t e d ,  and d e t e r m i n a t i o n  of *Ca0" and WP2°5 con^ en^ w*8 
c a r r i e d  ou t on e a c h  f r a c t i o n ,  t o  f i n d  i f  c o n c e n t r a t i o n  o f
-  26 -
t h e  com ponents o f  h ig h  r e s i s t a n c e  power t o  g r i n d in g  i n  t h e  
c o a r s e r  f r a c t i o n s ,  and v i c e - v e r s a  ^ c o n c e n t r a t i o n  o f  t h e s e  
o f  low r e s i s t a n c e  power t o  t h e  f i n e r  f r a c t i o n s ,  w i t h  
c o n s e q u e n t  d i f f e r e n c e s  i n  c h e m ic a l  c o m p o s i t io n  had b e en  
o b t a i n e d .
T a b le  No. 3 .
S la g  1 .
F r a c t i o n  <f> $  CaO $  P2 05
1 1 3 .9  4 2 .6 0  1 1 .70
2 8 . 8  4 2 .8 1  1 2 .1 2
3 3 5 .2  . 4 2 .5 4  12 .50
4 2 7 .0  4 6 .0 0  1 2 .6 4
5 1 5 .1  4 5 .9 2  1 3 .5 5
S la g  2 .
1 2 3 .5  4 9 .4 0  1 0 .9 0
2 4 0 .2  4 8 .6 7  10 .8 0
3 2 4 .1  5 0 .1 2  1 0 .5 4
4 6 . 8  4 8 .8 8  1 0 .4 3
5 5 .4  4 8 .5 3  10 .30
The m o le c u l a r  r a t i o s  CaO s Pg°5 from  ‘kk08® r e s u l t s  f o r  
e a o h  f r a c t i o n  a r e  g iv e n  i n  t h e  f o l lo w in g  t a b l e .
T a b le  No. 4 CaO : P_0_ r a t i o s .  2 5
S l a g  1 .
F r a c t i o n
S la g  2 .
CaO P2 ° 5
1 .760  s .0823 - 9 .2
2 .7 6 4  : .0853 - 8 .9 5
3 .7 5 9  : .0880 - 8 .6 3
4 .821  : .0890 - 9 .2 2
5 .8 1 9  s .0954 8 .5 9
1 .881  : .0767 a 1 1 .4 9
2 .8 6 8  : .0760 11 .4 2
3 .894  s .0742 - 12 .0 5
4 .872 ; .0734 3 1 1 .8 8
5 .866 j  .0725 3 11 .9 4
D i s c u s s i o n  of R e s u l t s .
S l a g  1 .  The f i n e n e s s  o f  t h i s  sam ple  a c c o r d in g  t o  t h e  
o f f i c i a l  method i s  8 6 $ . S l i g h t  v a r i a t i o n s  i n  c o m p o s i t io n
o f  t h e  v a r i o u s  f r a c t i o n s  a r e  noted> w i t h  I n c r e a s i n g  c o n te n t  
o f  p h o s p h o r ic  o x id e  a s  p a r t i c l e  s i z e  d i m i n i s h e s .  The ” CaOn 
f i g u r e s  do n o t  i n c r e a s e  c o n s i s t e n t l y  w i t h  d im in u t io n  o f  
p a r t i c l e  s i z e  and c o n s e q u e n t ly  s l i g h t  v a r i a t i o n s  i n  t h e
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m o le c u l a r  r a t i o  CaO : ^2^5 ?or "kke d i f f e r e n t  f r a c t i o n s  a r e  
o b t a i n e d .
The I n c r e a s e d  c o n c e n t r a t i o n  of P2°5 i n  f i n e r  f r a c t i o n s  
p r o b a b ly  i n d i c a t e s  t h a t  t h e  p h o sp h o ru s  compound o r  compounds 
p r e s e n t  i n  t h e  s l a g  have l e s s  r e s i s t a n t  power t o  g r i n d i n g  
t h a n  some o f  t h e  o t h e r  com ponents o f  t h e  s l a g .  The CaO : p2 °5 
r a t i o  f i g u r e s  show s l i g h t  v a r i a t i o n  b u t  g iv e  no d e f i n i t e  
e v id e n c e  a s  t o  w h e th e r  one o r  more p h o sp h o ru s  compounds a r e  
p r e s e n t .
S l a g  2 .  The f i n e n e s s  o f  t h i s  sam ple  7 6 .5 $  i s  n o t  up  t o  
t h e  o f f i c i a l  r e q u i r e m e n t .  The *teaO" and "P2 0 5 * c o n te n t  f i g u r e s  
f o r  t h e  v a r i o u s  f r a c t i o n s  show v e r y  l i t t l e  v a r i a t i o n  and 
c o n s e q u e n t ly  no d i s t i n c t  c o n c e n t r a t i o n  h as  b e e n  o b t a i n e d .  
S o l u b i l i t y  T e s t s  w i t h  f r a c t i o n s  s e p a r a t e d .
S te a d  (2 )  has  shown t h a t  c i t r i c  a c i d  s o l u b i l i t y  o f  b a s i c  
s l a g s  was a s s o c i a t e d  w i t h  t h e  f i n e n e s s .  I n c r e a s e d  f i n e n e s s  
w i t h  low s o l u b l e  s l a g s  gave h i g h e r  p h o sp h a te  s o l u b i l i t y  i n  
c i t r i c  a c i d .  I n  a  s tu d y  o f  s o l u b i l i t y  o f  m in e r a l  p h o s p h a te s  
T o c h e r  ( 3 ) ,  a s  a l r e a d y  n o te d  ( p .  16) has rem arked  on t h e  
e f f e c t  o f  f i n e n e s s  on c i t r i o  a c i d  s o l u b i l i t y :  B i s c h o f f  and
M archand have a l s o  n o te d  I n c r e a s e d  s o l u b i l i t y  o f  bone and 
ro o k  p h o s p h a te s  w i t h  f i n e  g r i n d i n g .
The f i v e  f r a c t i o n s  o f  t h e  two s l a g s  In  q u e s t i o n  
h a v e  b een  exam ined In  t h i s  r e s p e c t .
The s o l u b i l i t y  o f  t h e  #CaO" and 111 c i t r i c
a c i d  s o l u t i o n  a c c o r d in g  t o  t h e  o f f i c i a l  method w ere  
d e t e r m i n e d ,  i . e .  5 gm. i n  500 c . c  o f  2$  c i t r i o  a c i d  
s o l u t i o n *  c o n ta in e d  I n  a l i t r e  s h a k in g  b o t t l e *  a r e  sh a k en  
i n  an  e n d -o v e r -e n d  s h a k e r ,  a t  30 r e v s .  p e r .  m in . ,  f o r  30 
m i n u t e s .
The s o l u b i l i t y  o f t h e  WaS a ^so  d e te rm in e d
by  t h e  m ethod p ro p o se d  by F a n s to n e  ( 4 ) .  The q u a n t i t i e s  
u se d  b e in g  s i m i l a r  i n  amount t o  t h o s e  f o r  c i t r i c  a c i d  
s o l u b i l i t y .
NOTE:* I n  above m en tio n ed  and o t h e r  s o l u b i l i t y  t e s t s
i n  t h i s  w ork  t h e  c o n s t i t u e n t s  fo u n d  i n  
s o l u t i o n  im m e d ia te ly  a f t e r  s h a k in g  p e r io d  
h as  t e r m in a t e d  and t h e  s o l i d  r e s i d u e  has  
b e e n  s e p a r a t e d  a r e  r e p o r t e d  a s  s o l u b l e .
T h is  i s  rem arked  on, s i n c e  i t  d o es  n o t  
t a k e  i n t o  a c c o u n t  t h e  p o s s i b i l i t y  o f 
r e p r e c l p l t a t l o n ,  a s  s o l i d ,  o f m a t e r i a l  
t h a t  h a s  b e e n  d i s s o l v e d .
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T a b le  No. 5 2$  C i t r i o  Aoid S o l u b i l i t i e s .
S l a g  No. 1 C i t r i o  Aoid E x t r a c t .
F r a c t i o n  CaO *2°5
$ s o l u b l e  $  s o l u b i l i t y  $  s o l u b l e  ^ so lu b il i ty .
1 3 4 .4 5 8 0 .8 10 .6 0 9 0 .6
2 4 2 .1 5 9 8 .5 1 1 .5 3 9 4 .8
5 4 2 .5 0 9 9 .9 1 2 .4 7 9 9 .9
4 4 3 .4 0 9 4 .4 1 2 .3 4 9 7 .6
5 
, 2
4 1 .0 1 8 9 .3 12 .8 1 9 4 .5
1 2 5 .8 0 5 2 .2 1 .9 0 1 7 .3
2 2 9 .1 0 5 9 .8 2 .4 1 2 2 .4
3 2 9 .8 0 5 9 .6 2 .4 4 2 3 .2
4 2 7 .3 4 5 4 .9 2 .6 9 2 5 .8
5 1 9 .9 8 4 1 .2 2 .7 0 2 6 .2
The m o le c u la r  r a t i o s  s o l u b l e  "CaO" : a r e  8 iv e n
t h e  f o l lo w in g  t a b l e .
T a b le  No. 6 . M o le c u la r  r a t i o s  o f  c i t r i c  a c id  s o l u b l e  CaO:^C^ 
S l a g  1 .
F r a c t i o n
1
CaO : 
.615 :
P2 ° 5
.0746 - 8.24
2 .752 : .0811 a 9.27
5 .758 : .0877 s 8 .64
4 .7741: •0e68 *5 8.91
5 .731 : .0901 85 8.12
S la g  2 .
1 .460 : .0134 a> 34.42 :
2 .519 : .0170 sc 30 .54  :
3 .532 : .0172 S 30.95 :
4 .488 : .0189 or 25.75 :
5 .357 : .019 18.76 :
D i s c u s s i o n  of r e s u l t s .
The n o n - f l u o r s p a r  s l a g  shows h ig h  s o l u b i l i t y  b o t h  of CaO 
and  P20^» and  t h e  m o le c u la r  r a t i o s  o f  s o l u b l e  CaO : s o l u b l e  
PgOg a r e  p r a c t i c a l l y  t h e  same a s  i n  t h e  s o l i d  m a t e r i a l > i n  
c l o s e  p r o x im i ty  t o  t h a t  r e q u i r e d  f o r  t h e  3 * 1 s i l i c o  
p h o s p h a te  ( 1 ) .  C o n s i d e r a t i o n  o f  t h e  m o le c u la r  fo rm u la  f o r  
t h e  s l a g  shows t h a t  t h e r e  i s  n o t  s u f f i c i e n t  s i l i c a  p r e s e n t
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t o  g iv e  a l l  t h e  p h o sp h o ru s  i n  t h e  fo rm  o f t h e  3 : 1 s i l i c o  
p h o s p h a t e .  The 1 : 1 s i l i c o  p h o sp h a te  i s  p ro b a b ly  p r e s e n t  
a l s o .  I n c r e a s i n g  s o l u b i l i t y  w i t h  f i n e n e s s  i s  o b ta in e d  i n  
t h i s  c a s e  o n ly  w i t h  f r a c t i o n s  1 , 2 , 3 > t h e r e a f t e r  a  
d i m i n u t i o n  r e s u l t s .  W ith  t h e  f l u o r s p a r  s l a g  f r a c t i o n s  
i n c r e a s i n g  s o l u b i l i t y  w i t h  f i n e n e s s  a s  n o te d  by  S te a d  (2) 
i s  o b t a i n e d .  The CaO s P2 05 r a t i o s  i n  t h e  c i t r i o  a c i d  
e x t r a c t s  a r e  w id e ly  d i f f e r e n t  f rom  t h e s e  of t h e  s l a g  f r a c t i o n s ,  
i n d i c a t i n g  t h a t  one of t h e s e  i s  combined t o  an  a p p r e c i a b l e  
e x t e n t  w i t h  some o t h e r  c o n s t i t u e n t  o f  t h e  s l a g .  The 
compounds c o n c e rn e d  a r e  p ro b a b ly  d l c a lo lu m  s i l i c a t e  and 
a p a t i t e  a s  fo u nd  i n  f l u o r s p a r  s l a g s  by B a in b r id g e  (5 )  and 
M cA rthur ( 6 ) .
C o n s i d e r a t i o n  o f  t h e  m o le c u la r  r a t i o s  CaO : ? 2 °5  ^ e
r e s i d u e  shews t h a t  t h e s e  a r e  a p p ro a c h in g  t h a t  o f  a p a t i t e ,  b u t
t h a t  t h e r e  s t i l l  re m a in s  d l c a lc iu m  s i l i c a t e  t o  be  d i s s o l v e d .  
The CaO : ? 2 °5  r ^ i o s  a r e  g iv e n  i n  T ab le  No. 7 .
T a b le  No. 7  M o le c u la r  r a t i o s  o f  c i t r i o  a c i d  r e s i d u e s .
£.* u n d i s s o l v e d
F r a c t i o n CaO s ? 2®5
1 .421  • .0633 * 6 .6 5  : 1
2 .3 4 9  : .0570 - 5 .9 1  : 1
3 .362  : .0570 SB 6 .3 6  : 1
4 .384  : .0545 SB 7 .0 5  : 1
5 .5 0 9  : .0535 9 .5 2  : 1
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O x a l lo  Aoid S o l u b i l i t y .
V a n s to n e  (4 ) p ro p o se d  t h e  u se  o f  o x a l i c  a c i d  i n  t e s t i n g  
t h e  s o l u b i l i t y  o f p h o s p h a t ic  f e r t i l i s e r s .  He assumed t h a t  
t h e  s o l v e n t  i n  t h e  s o i l  i s  c a rb o n ic  a c i d  and s in c e  o x a l i c  
a c i d  re s e m b le s  i t  more c l o s e l y  i n  c h e m ic a l  c o n s t i t u t i o n  and 
c h e m ic a l  p r o p e r t i e s  t h a n  c i t r i c  a c id  p a r t i c u l a r l y  i n  fo rm in g  
a n  i n s o l u b l e  c a lc iu m  s a l t ,  i t s  u se  i s  t o  be p r e f e r r e d  i n  
t e s t i n g  t h e  s o l u b i l i t y  o f p h o s p h a t ic  f e r t i l i s e r s .  The 
s o l u b i l i t y  o f t h e  p h o sp h a te  c o n ta in e d  i n  t h e  f r a c t i o n s  
s e p a r a t e d  from  t h e  tw o s l a g s  was d e te rm in e d  u s in g  q u a n t i t i e s  
s i m i l a r  i n  amount t o  t h o s e  u sed  f o r  t h e  c i t r i c  a c i d  s o l u b i l i t y  
t e s t s .  The r e s u l t s  a r e  t a b u l a t e d  b e lo w .
T a b le  Ho. 6 .  O x a llo  A cid  S o l u b i l i t y .
S l a g  1
F r a c t i o n
1
2
<f> S o lu b le  ^2^5 S o l u b i l i t y
1 .9 2
2 .8 0
3 .2 5
5 .1 2
5 .6 0
1 6 .4  
2 3 .1
3 2 .7
4 0 .5  
4 1 .3
S la g  2
1
2
3
4
5
.645
2 .4 2
2 .6 8
3 .6 4
3 .2 3
5 .9 2
22 .36
2 5 .0 5
3 4 .9 0
3 1 .3 6
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D i s c u s s i o n  o f  r e s u l t s .
P e r c e n t a g e  s o l u b i l i t y  o f  P2 °5 i n  non f l u o r s p a r  s l a g  f r a c t i o n s  
i s  i n  e v e ry  c a s e  much lo w e r  t h a n  t h a t  o b ta in e d  w i t h  c i t r i c  
a c i d  t r e a t m e n t :  w h i l e  t h e  i n c r e a s e  w i t h  f i n e n e s s  i s
p r o g r e s s i v e .
T h i s  i n c r e a s i n g  s o l u b i l i t y  w i t h  f i n e n e s s  i s  a l s o  o b ta in e d  
w i t h  t h e  f l u o r s p a r  s l a g  f r a c t i o n ,  and i t  i s  i n t e r e s t i n g  t o  
n o t e  t h a t  s o l u b i l i t y  i n  2$  o x a l i c  a c i d  e x ceed s  t h a t  i n  2$  
c i t r i c  a o id  i n  f r a c t i o n s  3> 4 ,  5 .  The v a r i a t i o n  i n  
s o l u b i l i t y  In  2 $  o x a l i c  a c i d  w i t h  d i f f e r e n c e  i n  f i n e n e s s  
o f  g r i n d in g  i s  g r e a t e r  t h a n  t h a t  shown w i t h  2$  c i t r i c  a o id  
u n d e r  t h e  c o n d i t i o n s  o f  t h e  t e s t .
M ic ro s c o p ic  e x a m in a t io n  o f  S la g  2 .
A l th o u g h  b a l l  sam p les  o f  t h i s  s l a g  w ere  n o t  o b t a i n a b l e  f o r  
p r e p a r a t i o n  o f  s e c t i o n s  f o r  e x a m in a t io n  a c c o r d in g  t o  t h e  
m e th ods  o f  S c o t t  and M cArthur ( l ) ,  s l i d e s  o f  t h e  v a r i o u s  
f r a c t i o n s ,  w i t h  t h e  powder embedded i n  Canada b a ls a m  w ere 
p r e p a r e d .  F r a c t i o n s  No. 2 o r  3 a r e  m ost s u i t a b l e  f o r  t h i s  
p u r p o s e .
I d e n t i f i c a t i o n  o f  m in e r a l s  i n  su c h  s l i d e s  i s  a  more 
d i f f i o u l t  m a t t e r  t h a n  i n  t h o s e  p r e p a r e d  from  t h e  b a l l  s lag >  
d ue  t o  i n t e r f e r e n c e  and d i f f r a c t i o n  c o lo u r s  d e v e lo p in g .
Furtherm ore th e  approximate r e l a t i v e  amounts of th e  compounds 
cannot he judged so w e l l  as in  t h i n  s e c t i o n s .
The presence of la rge  amounts of t r a n s p a re n t  
m a t e r i a l  w i th  h igh r e f r a c t i v e  index and low double r e f r a c t i o n  
was no ted .  The o p t i c a l  p r o p e r t i e s  of t h i s  m a te r i a l  i n d ic a t e  
a p a t i t e ,  as suggested from th e  s o l u b i l i t y  t e s t s .
The fo l low ing  micro photograph of f r a c t i o n  2 of s la g  2 shows 
t h e  presence of th e  c o lo u r l e s s  m a te r i a l  of h igh  r e f r a c t i v e  
i n d e x .
S o l u b i l i t y  o f  nPg 0 5 " o f  f l u o r s p a r  s l a g  2 on r e p e a te d  
e x t r a c t  io n  w i t h  2# o l t r l o  a o i d .
G. S .  R o b e r ts o n  ( 7 ) h as  shown t h a t  t h e  p h o sp h a te  i n  f l u o r s p a r  
s l a g s  w h ich  he  exam ined i s  s o l u b l e  i n  2$  c i t r i c  a c i d  s o l u t i o n  
i f  t h e  e x t r a c t i o n  i s  r e p e a t e d .  He d o es  n o t  g iv e  f u l l  d e t a i l s  
o f  t h e  m ethods u s e d .  A d i f f i c u l t y  a r i s e s  i n  t h e  c a s e  o f  
r e p e a t e d  t r e a t m e n t s  i n  t h e  r e c o v e ry  of t h e  r e s i d u e  a f t e r  t h e  
f i r s t  e x t r a c t i o n ,  i f  a s  i n  t h e  o f f i c i a l  method t h e  s u s p e n s io n  
o b ta in e d  a f t e r  s h a k in g  i s  f i l t e r e d  th r o u g h  a  l a r g e  f i l t e r  
p a p e r  t o  g iv e  a  q u ic k  s e p a r a t i o n  of t h e  s o l u t i o n  f ro m  t h e  
r e s i d u e ,  u n l e s s  t h e  f i l t e r  p a p e r  w i t h  th e  r e s i d u e  unwashed 
o r  washed w i t h  h o t  w a t e r  o r  o t h e r  s u i t a b l e  r e a g e n t  i s  
t r a n s f e r r e d  t o  t h e  s h a k in g  b o t t l e .  I f  t h i s  p r o c e s s  i s  
r e p e a t e d  s e v e r a l  t im e s  t h e  a c c u m u la t io n  o f  f i l t e r  p a p e r  would 
n o t  be  h e l p f u l  t o  q u ic k  f i l t r a t i o n .  F i l t r a t i o n  u n d e r  
p r e s s u r e  m igh t be  employed I n s t e a d  o f  t h e  above m ethod , b u t  
h e r e  t h e  same d i f f i c u l t i e s  w ould  be  e n c o u n te r e d .
To overoome t h e  d i f f i c u l t y  s m a l l e r  q u a n t i t i e s  o f 
t h e  r e q u i s i t e  m a t e r i a l s  w ere  u s e d ,  and i n s t e a d  o f  f i l t e r i n g ,  
t h e  s u s p e n s io n  was c e n t r i f u g e d  a t  h ig h  s p e e d ,  th e  
s u p e r n a t a n t  l i q u i d  t h e r e a f t e r  b e in g  pou red  o f f .
C e n t r i f u g e  t u b e s ,  100 c c . c a p a c i t y ,  w i t h  w e l l  f i t t i n g  r u b b e r
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s t o p p e r s  w ere  u sed  t o  t a k e  t h e  p la c e  o f  th e  s h a k in g  b o t t l e s .  
The q u a n t i t i e s  o f s l a g  and 2$  c i t r i c  a c i d  s o l u t i o n  employed 
f o r  t h e  t e s t  w ere  .8  gm. and 80 c c . r e s p e c t i v e l y  t o  e a c h  t u b e .  
Two o f t h e  t u b e s ,  w i t h  t h e  ends f i t t e d  w i t h  t h e  s t o p p e r s  
t o g e t h e r  c a n  t h e n  be  p la c e d  i n  t h e  o r d in a r y  e n d -o v e r - e n d  
s h a k e r ,  and sh ak en  f o r  t h e  r e q u i r e d  p e r i o d .  The s u s p e n s io n  
a f t e r  su c h  t r e a t m e n t  i s  c e n t r i f u g e d  a t  h ig h  sp e e d ,  and t h e  
c l e a r  l i q u i d  pou red  o f f .  The r e q u i r e d  t im e  f o r  a  good 
s e p a r a t i o n  i s  n o t  more t h a n  3 m in u te s .  From 80 c c . of t h e  
s o l u t i o n  u se d  7 9 .5  c a n  e a s i l y  be r e c o v e r e d  f o r  a n a l y s i s .
Th8 u s u a l  p ro c e d u re  was t o  u s e  f o u r  t u b e s  w i t h  t h e  r e q u i r e d  
q u a n t i t i e s .  These  a r e  sh a k e n  and c e n t r i f u g e d  t o g e t h e r ,  
and  t h e  s o l u t i o n s ,  a f t e r  p o u r in g ,  b u lk e d .
The s o l u b l e  p h o sp h a te  o b ta in e d  w i t h  r e p e a t e d  e x t r a c t i o n ,  
by  t h i s  p r o c e d u r e ,  was d e te rm in e d  i n  t h e  f l u o r s p a r  s l a g  u se d  
i n  t h e  f o r e g o i n g  e x p e r im e n t s .  S o lu b le  "CaO* was n o t  
d e t e r m in e d ,  b u t  t h e  a c i d i t y  o f  t h e  e x t r a c t  was a s c e r t a i n e d  
by  t i t r a t i o n  w i t h  s t a n d a r d  a l k a l i .
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T a b le  No. 8 ^  .
R e p e a te d  e x t r a c t i o n  o f  f l u o r s p a r  s l a g  w i t h  2#  c i t r i c  
a c i d  s o l u t i o n ,  .8  gm. i n  80 c c . ,  sh a k en  f o r  30 m in u te s  a t  
30 r e v /m in .
N o. o f  e x t r a c t  #  S o l ." P 2 0 * A c i d i t y
1 2 .3 2  100 cc a  1 6 .9  cc NAlkali
2 2 .2 7  100 cc 3 2 6 .5 5 n w
3 2 .2 5  100 cc 5 2 7 .7  " "
4 1 .8 9  100 cc = 2 8 .2 5  n "
5 1 .8 0  100 cc = 2 8 .3  " "
T o t a l  s o l u b l e  1 0 .5 3 # .  T o t a l  #  P2 05 •  1 0 .7 1 .
Thus i t  may be s a i d  t h a t  t h e  p h o sp h a te  p r e s e n t  i n  t h i s  
f l u o r s p a r  s l a g  i s  s o l u b l e  i n  2#  o i t r i o  a c i d .
The r e d u c t i o n  o f  a c i d i t y  i s  g r e a t e s t  i n  t h e  f i r s t  t r e a tm e n t  
a n d  i s  n o t  d i r e c t l y  r e l a t e d  t o  t h e  p e r c e n ta g e  o f  s o l u b l e  w*2°5 
T h i s  r e d u c t i o n  o f  a c i d i t y  i s  due t o  t h e  b a s i c  m a t e r i a l s ,  
c h i e f l y  t h e  c a lc iu m  compounds, t h e  im p o r ta n c e  o f  w h ic h  has  
b e e n  d e a l t  w i t h  by  s e v e r a l  i n v e s t i g a t o r s .
A v a i l a b i l i t y  o f  C alc ium  p r e s e n t  i n  b a s i c  s l a g s .
i
T h ere  i s  n o t  a s t a n d a r d  method f o r  t h e  d e t e r m i n a t i o n  o f  t h e s e  
com pounds.
H e n d r ic k  (8 )  m easured  t h e  amount o f  " l im e *  p r e s e n t  i n  b a s i c
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s l a g s  c a p a b le  o f  a c t i n g  a s  a  b a s e  fro m  t h e  amount o f 
ammonia l i b e r a t e d  by d i s t i l l i n g  t o g e t h e r » u n d e r  s t a n d a r d  
c o n d i t i o n s *  sam p les  o f b a s i c  s l a g  and s o l u t i o n s  o f  ammonium 
s u l p h a t e  o r  c h lo r id e *  p r e f e r a b l y  c h l o r i d e .  He c o n c lu d e d  
t h a t  " a s  t h e  c o n d i t i o n s  a r e  complex I t  i s  Im p o s s ib le  t o  
d raw  any l i n e  and s t a t e  a n  e x a c t  p e rc e n ta g e  o f  b a s i c  lim e  
I n  s l a g  e x c e p t  i n  t e r m s  o f  a s t r i c t l y  d e f in e d  method o f  
d e t e r m i n i n g  i t " .  Prom t h e  c o n d i t i o n s  n e c e s s a r y  f o r  o b t a i n i n g  
c o n c o rd a n t  r e s u l t s  u s i n g  t h i s  method* e a s e  of m a n ip u la t io n  
I s  n o t  an  o u t s t a n d i n g  f e a t u r e *
V an s to n e  d e te rm in e d  t h e  c a lc iu m  o b ta in e d  I n  s o l u t i o n  by 
h e a t i n g  s l a g s  o f  d i f f e r e n t  s o l u b i l i t y  w i t h  ammonium c h l o r i d e  
and  s u l p h a t e  s o l u t i o n s .  He c o n c lu d ed  t h a t  " b a s i c  s l a g s  
c o n t a i n  c a lc iu m  s i l i c a t e s  w h ic h  a r e  r e a d i l y  decomposed" 
and t h u s  s u p p o r t s  t h e  c o n c lu s io n s  o f  W il l ia m s  (10) t h a t  
t h e y  c a n  su p p ly  l a r g e  am ounts o f  e x c h a n g e a b le  c a lc iu m .  I t  
i s  s u g g e s te d  t h a t  i n  t h e  s o i l *  a f t e r  a  p e r io d  o f  t im e  w h ich  
w i l l  depend  on c o n d i t i o n s  su c h  a s  o rg a n ic  m a t t e r ,  r a i n f a l l  
and  c l i m a t e ,  t h e  s i l i c a t e  g iv e s  up i t s  l im e  l e a v in g  t h e  
p h o s p h a te  more open t o  a t t a c k .  I n  t h e  c a s e  o f  h ig h  s o l u b l e  
s l a g s  t h e  p e r io d  o f  t im e  may be  v e ry  s h o r t  s i n c e  t h e y  have 
s m a l l  am ounts o f  c a lc iu m  s i l i c a t e  b u t  a  l a r g e  amount o f  e a s i l y
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s o l u b l e  p h o s p h a te .  I t  i s  p o s s i b l e  t h a t  su c h  a s l a g  on 
v e r y  a c id  s o i l s *  a p p l i e d  In  r e l a t i v e l y  s m a l l  q u a n t i t y  m ight 
n o t  s u p p ly  s u f f i c i e n t  e x c h a n g e a b le  o a lc iu m , w h e rea s  a  low 
s o l u b l e  s l a g  i n  g r e a t e r  q u a n t i t y  m igh t do s o .
B r io u x  and J o u i s  (11) d e te rm in e d  t h e  n e u t r a l i s i n g  e f f e c t  
by  m ix in g  s l a g  and s o i l .  Two g r a i n s  o f s l a g  w ere  mixed 
d r y  w i t h  one k i l o ,  o f  s o i l  o f known PH: t h e n  t h e  m o is tu r e  
c o n t e n t  was b ro u g h t  up  t o  20$ and t h e  PH d e te rm in e d  by t h e  
h y d ro g e n  e l e c t r o d e  a f t e r  c e r t a i n  i n t e r v a l s .  Prom t h e  c u r v e s ,  
t h e y  c a l c u l a t e d  a c c o r d in g  t o  t h e  d i f f e r e n t  PH v a lu e s  t h e  
am ounts  o f  a c t i v e  l im e  coming fro m  t h e  f e r t i l i s e r  u s e d .
F o r  a  s o i l  o f  r a t h e r  s t r o n g  a c i d i t y  t h e  v a r i a t i o n s  i n  PH 
o b se rv e d  3 h o u rs  a f t e r  m ix in g  c o r r e s p o n d s  t o  a c t i v e  l im e  
f ro m  12 -  18$, w h ich  i s  v e ry  much h i g h e r  t h a n  t h e  q u a n t i t y  
o f  f r e e  l im e  p r e s e n t .  The s i l i c a t e s  and s i l i c o  p h o s p h a te s  
e x i s t i n g  i n  b a s i c  s l a g  w ere  fo u n d  t o  decompose r a p i d l y  i n  
a n  a c i d  s o l u t i o n .  They c o n c lu d ed  t h a t  t h e  amount o f a c t i v e  
l im e  i n  b a s i c  s l a g  exceed ed  3 0 $ .
To o b t a i n  a  c o m p a r iso n  o f  t h e  b a s i c  m a t e r i a l s  o f  
n o n  f l u o r s p a r  s l a g  1 and f l u o r s p a r  s l a g  2 a v a i l a b l e  f o r  
n e u t r a l i s i n g  s o i l  a c i d i t y ,  v a r y in g  q u a n t i t i e s  o f  t h e  s l a g s  
w e re  sh a k en  w i t h  s o i l  s u s p e n s io n s ,  ( l )  i n  w a t e r ,  (2 )  i n
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c a l c i u m  c h l o r i d e  ( #2 M olar ) s o l u t i o n .  The q u a n t i t i e s  of 
m a t e r i a l s  u se d  w ere  s i m i l a r  t o  t h o s e  r e q u i r e d  f o r  t h e  Hardy 
and  L ew is (12) method of d e te r m in in g  " l im e  r e q u i r e m e n ts "  of 
s o i l s ,  known w e ig h ts  o f s l a g  b e in g  u se d  t o  r e p l a c e  l im e  w a te r  
a d d i t i o n s .
E x p e r im e n ts  w ere  c a r r i e d  out w i t h  f o u r  s o i l s  o f  
d i f f e r e n t  t e x t u r e  c l a s s e s .  PH v a lu e s  a f t e r  cc i’t a i n  p e r i o d s  
o f  s h a k in g  w ere a s c e r t a i n e d  by t h e  q u in h y d ro n e  e l e c t r o d e  
( t h e s e  may be r e g a rd e d  a s  60 s e c .  v a l u e s ) .
The r e s u l t s  o b ta in e d  a r e  g iv e n  I n  t h e  f o l lo w in g  t a b l e s .
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T ab le  No. 10. E ffe c t of s la g s  on s o i l  PH.
C la y  s o i l  -  w a te r  s u s p e n s io n .  (10 gm. s o l i  In  40 c c .  w a t e r ) .
S la g  No. 1
W t. o f 
s l a g .
PH v a lu e s  
(±>
a f t e r
(4 )
sh a k in g  p e r io d  
(24 )
> In  h o u r s .
( 7 2 ) (120)
.0 0 6 .5 1 6 .4 7 6 .4 3 6 .4 5 6 .4 9
.005 6 .6 8 6 .7 8 6 .7 7 6 .7 2 6 .7 3
.01 6 .8 4 6 .9 2 6 .9 4 7 .0 2 6 .9 6
.0 2 7 .0 9 7 .2 3 7 .3 6 7 .3 6 7 .2 8
7 .3 2 7 .5 5 7 .5 8 7 .5 6 7 .4 6
.0 4 7 .5 3 7 .7 1 7 .7 7 7 .7 3 7 .4 9
.0 5 7 .6 9 7 .8 3 7 .8 4 7 .8 3 7 .6 0
S la g  No. 2 (4 ) (2 4 ) (48 ) (110)
.00 6 .4 7 6 .4 2 6 .4 3 6 .4 2
.005 6 .7 0 6 .7 2 6 .6 4 6 .6 4
.0 1 6 .8 6 6 .8 6 6 .8 6 6 .8 4
.0 2 7 .2 3 7 .2 2 7 .2 3 7 .1 5
.0 3 7 .5 8 7 .5 8 7 .5 5 7 .3 9
.0 4 7 .8 3 7 .8 8 7 .7 1 7 .4 8
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T ab le  No. 11. E ffe c t of s la g s  on s o i l  PH,
F ea ty  S o il  -  w a te r su sp en sio n .
S la g  No. 1
W t. o f  PE v a lu e s  a f t e r  sh a k in g  p e rio d *  i n  h o u r s ,  
s l a g .
(*> (4 ) (24) (72) (120)
.0 0 5 .0 0 4 .9 3 4 .9 1 4 .8 3 4 .7 9
.0 0 5 5 .0 7 5 .0 0 5 .0 5 5 .0 2 5 .0 0
.0 1 5 .1 6 5 .1 6 5 .1 7 5 .1 4 5 .1 1
.0 2 5 .3 5 5 .2 6 5 .3 8 5 .3 5 5 .3 7
.0 3 5 .5 4 5*57 5 .6 1 5 .5 9 5 .5 8
.0 4 5 .7 1 5 .7 8 5 .8 1 5 .8 0 5 .8 3
.0 5 5 .8 1 5 .9 0 6 .0 2 6 .0 1 6 .0 3
.075 6 .1 1 6 .1 8 6 .2 6 6 .2 5 6 .2 8
.1 6 .4 0 6 .5 2 6 .5 6 6 .5 2 6 .5 8
.1 2 5 6 .6 4 6 .7 2 6 .8 0 6 .7 8 6 .8 7
.1 5 6 .8 6 6 .9 2 7 .0 4 7 .0 9 7 .1 6
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T ab le  No, 11 (C ontd .)
S la g  No, 2
W t. o f PH v a lu e s a f t e r  sh a k in g  p e rio d * i n  h o u rs
S l a g .
(4 ) (24 ) (4 8 ) (110)
oo
• 4 .9 5 4 .8 8 4 .8 7 4 .7 8
.0 0 5 5 .0 5 4 .9 5 4 .9 5 4 .8 1
.0 1 5 .1 7 5 .0 9 5 .0 9 4 .9 7
.02 5 .3 5 5 .3 1 5 .2 9 5 .2 6
.0 3 5 .5 0 5 .4 7 5 .4 5 5 .4 0
.0 4 5 .6 6 5 .6 5 5 .6 1 5 .5 7
.0 5 5 .7 6 5 .7 5 5 .7 3 5 .7 3
.0 7 5 6 .0 6 6 .0 2 6 .0 1 6 .0 6
.1 0 6 .3 5 6 .3 5 6 .3 3 6 .4 7
.125 6 .5 6 6 .5 6 6 .5 4 6 .7 2
.1 5 6 .7 0 6 .6 8 6 .7 3 6 .9 2
ma 4*7 M
T ab le  No, 12 E ffe c t of s la g s  on s o i l  PH,
Medium loam -  w ate r su sp en sio n .
S la g  No, 1
W t. o f PH v a lu e s  a f t e r  sh a k in g  p e r io d  In  h o u r s .
S l a g .
( i ) (3 )
.0 0 5 .0 7 5 .3 5
.005 5 .0 7 5 .4 0
.0 1 5 .4 3 5 .6 7
.0 2 5 .6 7 5 .9 4
.0 3 5 .7 1 5 .9 9
.0 4 5 .9 5 6 .2 3
.0 5 6 .1 1 6 .4 2
.075 6 .5 4 6 .7 2
.1
S la g  No. 2
6 .6 2
(2 )
6 .9 8
(7 )
.00 5 .3 1 5 .3 8
.005 5 .5 2
.0 1 5 .3 1 5 .5 7
.0 2 5 .8 7 5 .9 5
.0 3 5 .9 2 6 .0 9
.0 4 6 .2 8 6 .3 0
ino• 6 .4 0
.075 6 .9 4 6 .8 9
.1 7 .1 6 7 .0 8
(2 4 ) (4 e ) (120)
5 .3 5 5 .2 9 5 .2 4
5 .4 9 5 .4 3 5 .4 0
5 .7 1 5 .6 9 5 .6 3
6 .0 1 5 .9 7 5 .9 0
6 .1 1 6 .0 7 6 .0 6
6 .3 5 6 .3 5 6 .3 0
6 .5 2 6 .5 4 6 .5 4
6 .9 1 6 .9 1 6 .9 6
7 .1 5 7 .1 6 7 .2 7
(2 4 ) (4 8 ) (7 2 )
5 .3 8 5 .3 5 •5 .3 7
5 .5 2 5 .4 9 5 .5 2
5 .5 6 5 .5 4 5 .5 9
5 .9 2 5 .8 8 5 .8 8
6 .0 9 6 .0 7 6 .0 4
6 .3 0 6 .3 8 6 .2 6
6 .3 7 6 .3 7 6 .3 7
6 .8 9 6 .8 9 6 .8 7
7 .1 4 7 .1 4 7 .1 3
T ab l#  No. 15. E ffe c t of s la g s  on soli PH.
L ig h t Loam -  w a te r suspension.
S la g  No. 1
W t. o f PE v a lu e a f t e r sh a k in g p e r i o d > i n h o u r s .
s l a g .
(±> (3 ) (24 ) (48 ) (9 6 )
.0 0 5 .5 7 5 .9 5 5 .9 7 5 .9 7 5 .9 4
.005 6 .0 4 6 . i e 6 .2 1 6 .1 6 6 .1 4
.0 2 6 .4 3 6 .5 8 6 .6 1 6 .5 9 6 .5 9
.0 4 6 .9 4 6 .9 6 7 .0 2 7 .0 1 6 .9 9
.0 5 7 .0 8 7 . H 7 .1 6
.075 7 .5 0 7 .2 8 7 .3 4 7 .3 4 7 .3 2
.1 7 .4 9 7 .4 6 7 .6 0 7 .6 4 7 .6 0
S la g  No. 2
(2 ) (7 ) (24 ) (48 ) (72 )
.00 5 .8 8 5 .9 2
.01 6 .0 7 6 .1 4 6 .1 6 6 .1 2 6 .0 9
.0 2 6 .5 2 6 .4 9 6 .4 9 6 .4 3 6 .4 0
.05 7 .0 2 6 .9 6 6 .9 6 6 .9 4 6 .9 1
.075 7 .4 9 7 .3 9 7 .3 7 7 .3 4 7 .2 8
.10 7 .7 5 7 .6 7 7 .6 7 7 .6 6 7 .5 6
Summary o f R e s u l t s .
The r e s u l t s  show t h a t  w i th  r e f e r e n c e  t o  n e u t r a l i s a t i o n  o f s o i l
a c i d i t y  a s  m a n if e s t  i n  th e  w a te r  s u s p e n s io n s  p rep a red *  of th e  
f o u r  s o i l s  o f d i f f e r e n t  t e x t u r e  c l a s s e s ,  th e  s l a g s  a r e  
a p p ro x im a te ly  o f  e q u a l  v a lu e :  and t h a t  th e  p e r io d  o f s h a k in g ,
w i t h in  t h e  l i m i t s  g iv e n ,d o e s  n o t a p p r e c ia b ly  a f f e c t  th e  r e s u l t
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T ab le  No, 14. E ffe c t of s la g s  on s o i l
C la y  s o i l  -  ( . .£  r i  Calolum  c h l o r i d e  s u s p e n s io n .
10 gm. s o i l  In 40 cc . _ CaCl2 .
S la f t No. 1
W t. o f 
s l a g .
PH v a lu e  a f t e r  
(3 6 )
sh a k in g  p e r io d  i n  h o u rs  
(108 ) > 1 0 8
.00 5 .4 9 5 .4 7
.005 5 .7 8 5 .7 6
.0 2 6 .2 8 6 .1 4 6 .2 0
.0 3 6 .5 1 6 .4 3
.0 4 6 .6 7 6 .5 9 6 .6 8
.05 6 .7 5 6 .7 5
.0 6 6 .9 2
.0 8 7 .1 8
S la g  No. 2 (2 7 ) >  108
.00 5 .5
.0 2 6 .2 6 6 .3 7
.0 4 6 .8 6 6 .9 4
.0 5 7 .1 1 7 . I 8
.06 7 .4 2
.0 8 7 .7 5
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T ab le  No. 15. E ffe c t of s la g s  on s o i l  PH,
P e a ty  s o i l  -  C alc ium  C h lo r id e  S u s p e n s io n ,
S l a g  No* 1
W t. o f  PH v a lu e  a f t e r  sh a k in g  p e r io d  i n  h o u r s .
(3 6 ) (108)
oo• 4 .0 5 3 .9 7
.02 4 .4 1 4 .3 8
.0 4 4 .7 7 4 .7 7
.0 6 5 .1 4 5 .1 4
00o• 5 .3 5 5 .3 5
.10 5 .5 0 5 .5 4
.1 2 5 .5 9 5 .6 1
.1 4 5 .7 5 5 .7 8
.1 6 5 .9 5 5 .9 5
.40 6 .8
T a b le  Ho. 15 (C o n td .)
S la g  No, 2
W t. o f PH v a lu e  a f t e r  sh a k in g  p e r io d  i n  h o u r s ,  
s l a g .
(2 6 )
00 4 .0 7
05 4 .7 7
10 5 .2 8
15 5 .5 9
175 5 .7 6
20 5 .9 9
225 6 .1 2
25 6 .5 2
30 6 .5 4
40 7 .2 5
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T ab le  No, 16. E ffe e t of s la g s  on s o i l  PH.
Medium Loam -  Calcium C hlo ride S uspension ,
S la g  No, 1
W t. o f PH v a lu e s  a f t e r  sh a k in g
s l a g .
(2 2 )  (5 2 )
.0 0  4 .4 1  4 .4 1
.0 1  4 .6 6  4 .5 7
.0 3  5 .0 5  5 .0 5
.0 5  5 .4 0  5 .5 0
.1 0  5 .9 4  6 .1 4
.20 6.70
.2 2  6 .7 5
.2 4  6 .8 2
S la g  Ho. 2
(2 6 )
00 4 .4 6
03 4 .9 6
07 5 .5 4
10 5 .9 5
20 6 .7 0
22 6 .9 1
24 7 .0 1
p e r io d ,  i n  h o u r s .  
(124)
4 .3 6  
4 .7 0  
5 .1 4  
5 .50 
6 .2 3
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T a b le  Ho, 17 . E f f e c t  o f  s l a g s  on s o i l  PH. 
L i g h t  Loam * C alc ium  C h lo r id e  S u s p e n s io n .
S l a g  No. 1
W t. o f PH v a lu e s  a f t e r  s h a k in g p e r i o d ,  i n  h o u r s .
s l a g . (2 2 ) (5 2 ) (124)
.0 0 4 .9 0 4 .8 5 4 .9 1
.0 6 6 .2 0 6 .1 6 6 .2 0
.0 8 6 .2 0 6 .4 0 6 .4 3
.1 0 6 .4 3 6 .6 3 6 ,6 3
.1 2 6 .6 0
.1 4 6 .9 0
.1 6 6 . 9 9
S la g  No. 2 (2 6 ) (324 )
.00 4 .9 1
.0 6 6.C  6 6 .2 1
.10 6 .5 6
.1 4 6 .9 4 7 .0 6
.16 7 .0 8 7 .2 8
.1 8 7 .2 8
Summary o f  R e s u l t s ,
W ith  t h e  e a lo iu m  c h l o r i d e  s u s p e n s io n s *  g i v in g  c a lc iu m  
s a t u r a t i o n  o f  t h e  s o i l  and d e c r e a s e d  i n i t i a l  PH v a lu e *  t h e  
f l u o r s p a r  s l a g  shows a n  a d v a n ta g e  o v e r  t h e  n o n - f l u o r s p a r  s l a g  
i n  b r i n g i n g  t h e  s u s p e n s io n  t o  t h e  n e u t r a l  p o in t  PH 7> u n d e r  t h e  
c o n d i t i o n s  o f  t h e  t e s t .  I n c r e a s e d  am ounts o f  s l a g s  o v e r  t h e s e  
r e q u i r e d  f o r  w a t e r  s u s p e n s io n s  a r e  r e q u i r e d  t o  g iv e  n e u t r a l i t y .  
W ith  p ro lo n g e d  s h a k in g  I n c r e a s e  o f  PH i s  n o te d  i n  some o a s e s .
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EXAMINATION OF FLUORSPAR BALL SLAGS,
I n t r o d u c t o r y .
S u l lw a ld  (13 ) In  a s tu d y  o f Thomas s l a g s  fo u n d  t h a t  when th e s e  
w e re  c o o le d  In  l a r g e  b lo c k s  t h e  t o t a l  arid c i t r i c  a c id  s o lu b le  
p h o s p h o r ic  a c id  In c re a s e d  r e g u l a r l y  f*om  th e  o u t s id e  t o  th e  
m id d le .
So f a r  a s  th e  A u th o r i s  a w are , no su c h  e x a m in a tio n  o f f l u o r s p a r  
s l a g s  h a s  b een  p r e v io u s ly  m ade. The fo l lo w in g  i s  a  s tu d y  of 
t h i s  m a t t e r  on tw o s l a g s  o f d i f f e r e n t  o r i g i n .
C argo  F l e e t  B a l l  S la f t fc.
Sam ples w ere  t a k e n  (A) fro m  t h e  o u ts id e  o f th e  s l a g  b a l l ,
(B) fro m  midway b e tw een  th e  o u t s id e  and th e  c e n t r e ,  (C) fro m  
t h e  c e n t r e  o f t h e  b a l l .
The c h e m ic a l c o m p o s it io n  o f t h e s e  sam p les h as b e en  
d e te rm in e d  in  p o r t io n s  g round  a s ] ? ? e r t i l i s e r  u s e .  S o l u b i l i t y ,  
i n  2 $  c i t r i c  a c id  s o l u t i o n ,  o f t h e  p h o s p h a te , c a lc iu m , and 
s i l i c a  p r e s e n t  h a s  a l s o  b e e n  a s c e r t a i n e d .
F in e n e s s  o f ground  s a m p le s .
The f i n e n e s s  was d e te rm in e d , a s  in  p re v io u s  e x p e r im e n ts ,  by 
s i e v in g  i n t o  f i v e  f r a c t i o n s .
T a b le  No. 1 8 . F in e n e s s  o f C argo F l e e t  B a l l  S la g s .
F r a c t i o n (A) (B) (c)
1 1 7 .6 1 8 .8 1 8 .9
2 1 5 .1 1 3 .9 1 4 .6
3 1 1 .1 1 0 .1 1 1 .6
4 2 1 .3 2 8 .4 2 9 .3
5 3 4 .7 2 8 .6 2 5 .5
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T a b le  No. 19 . C hem ical C o m p o sitio n  o f Cargo F l e e t  B a l l  S la g s .
(A) (B) (c)
<jo CaO 4 7 .7 0 4 7 .0 0 4 7 .1 0
$ 1 3 .7 0 1 3 .5 8 1 3 .8 2
$ S102 1 8 .6 0 1 9 .0 0 1 9 .0 0
io MgO 3 .7 6 3 .6 3 3 .7 2
i» A l^ 0^ 3 .9 7 3 .8 1 3 .8 8
FeO 4 .5 8 4 .7 0 3 .9 2
$ F92 05 1 .7 2 1 .5 0 2 .3 1
MnO 3 .3 1 3 .3 8 3 .4 2
t  s .6 6 .7 1
&CO•
T a b le  No. 2 0 . M o le c u la r  c o n c e n t r a t io n s  o f C argo F l e e t  B a ll  S lags
(A) (B) (c)
CaO .851
GOKNGO• .840
P2 °5 .0 964 .0956 .0972
sio2 .3 0 8 .315 .315
MgO .093 .090 .090
A12 ° 3 .0389 .0 373 .0380
FeO .0638 .0654 .0546
p ®2°3 .0 1 0 8 .0094 .0145
MnO .0 4 6 7 .0 477 .0482
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M o le c u la r  f o rm u la e ,
(A)
CaO .851  ) 
\
MgO .093  ) 
\
^ e 2 05 .0108 ) 
)
.0 3 8 9  )
S i0 2 .308
MnO .0467  ) 
)
AlgO^ P2 O5 .0964
PeO .0638  )
I . e . PO : ,046  R^O^ •
.292  s io 2
.0 9 1 4  P2 05
CaO .838  } 
\
MgO .090  ) 
\
Pe2 05 .0094 ) 
)
.0373  )
S i0 2 .315
MnO. .0477  )\ P2 °5 P2 O5 .0956
PeO .0654  )
I . e . RO : .045 RgO^: SlOg .303
P2 05 .092
CaO .840 )
MgO .092  ) 
)
FegO^ .0145 ) 
)
.0380 )
S i02  .315
MnO .0482 ) ) a 12 ° 5
p2 o5 .0972
PeO .0546  ) 
I . e . RO : .0507
S102 .304  
P2 °5  -0939
T ab le  No, 21 . C i t r i c  Aold S o lu b i l i ty  Sample A,
(5  gm. s l a g  In  500 c c .  2$  C i t r i c  a c id  s o l u t i o n  sh ak en  a t  
30 r e v /m in .)
P e r io d  o f  sh a k in g  A c id i ty  S o lu b le  $  S o lu b le  $  S o lu b le
( i n  h o u rs ) o f e x t r a c t . CaO P2 ° 5 S i0 2
* 50 ce= 8 .1 5  coN 2 6 .9 2 1 .0 6 1 5 .2 6
1 7 .6 4  * 2 7 .7 4 1 .1 0 1 5 .6 7
2 " 7 .2 8  " 2 7 .9 5 1 .1 1 1 5 .5 9
> 2 6 . 6 2  " 2 8 .0 0 1 .1 4 6 1 3 .9 3
>  12 6 .3 2  n 2 8 .4 0 1 4 .3 9
R e p e a te d  -r> h o u r e x t r a c t i o n s  ( . 8 gm. s l a g i n  80 c c .2 $  c i t r i c  aclc
E x t r a c t  No. 1 2 6 .4 1 .0 9 1 4 .7 4
» 2 3 .6 7 1 .2 9 .80
3 2 .7 8 1 .4 0 .12
" 4 2 .9 5 1 .7 5
" 5 1 .7 3
R e p e a te d  1 h o u r  e x t r a c t i o n s .  
E x t r a c t  No. 1 50 cosr 7*79 cc N . 2 8 .2 1 1 .2 3 1 4 .6 4
« 2 " 1 2 .8 4  * 3 .9 4 1 .7 5
3 " 1 3 .4  " 2 .0 3
» 4 " 1 3 .6  * 1 .9 1
T ab le  No, 2 2 .  C itr ic  S o lu b i l i ty  Sample B.
(5  gm. s l a g  i n  500 c c .  2$  c i t r i c  a c id  s o l u t i o n  sh ak en  a t  
30 r e v /m in .)
P e r io d  o f  s h a k in g  A c id i ty  ^  S o lu b le  S o lu b le  $  S o lu b le
( i n  h o u rs )  o f  e x t r a c t  CaO SiO~
d o  2
* 50 c c » 8 .1 5 cc N 2 7 . 2 e 1 .2 3
1 tt 7 .6 4 t» 2 7 .4 9 1 .2 2 1 5 .3 7
2 " 7 .2 8 n 2 7 .9 0 1 .2 3 1 5 .2 9
>  2 * 6 .7 8 « 2 6 .9 2 1 .0 5 1 3 .6 8
>  12 " 6 .3 2 t» 2 6 .5 0 1 .0 6 1 5 .3 4
R e p e a te d  h o u r e x t r a c t i o n s .
E x t r a c t  No. 1 2 6 .7Q 1 .1 9 1 5 .1 2
« 2 3 .6 9 1 .3 5 .32
3 2 .8 3 1 .4 7 .1 2
" 4 3 .1 1 .5 5
" 5 1 .6 7
R e p ea te d  h o u r e x t r a c t  i o n s .
E x t r a c t  No. 1 50 oo = 7 .7 1  cc N 2 6 .0 6  1 .3 3  1 4 .3 3
T ab le  No. 25 . C l t r l e  S o lu b i l i ty  Sample C,
(5  gm. s l a g  i n  500 c e . 2$  c i t r i c  a c id  s o l u t i o n  sh ak en  a t  
30  r e v /m in .)
P e r io d  o f sh a k in g  A c id i ty  56 
( i n  h o u rs )  o f e x t r a c t
S o lu b le
CaO
$  S o lu b le  
P2 ° 5
$  S o lu b le  
S i0 2
50 00 = 6 .0  cc N 2 9 .8 2 .7 2 1 5 .4 9
1 1.69 * 3 0 .1 2 .6 0 1 5 .0 3
2 " 7 .3 3  " 30*53 2 .5 9
>  2 6 .5 8  " 2 9 .7 2 2 .5 3 1 4 .0 9
> 1 2 " 6 .2 5  " 3 0 .9 2 2 .5 3 1 5 .2 7
R e p ea te d h o u r e x t r a c t i o n s .
E x t r a c t  No . 1 3 0 .1 2 .4 8 1 4 .9 0
n 2 3 .8 9 1 .8 2 .34
3 3 .1 5 1 .7 5 .2 2
« 4 2 .4 9 1 .3 8
n 5 2 .0 0 .7 5
R e p e a te d  h o u r e x t r a c t i o n s .
E x t r a c t  No . 1 50 cc = 1.6a cc N 3 2 .2 4 2 .4 9 1 5 .5 1
n 2 " 1 2 .8 4  " 4 .4 3 2 .3 3
» 3 " 1 3 . 4  " 3 .6 1 2 .2 2
4 n 1 3 .6 1 .5 0
T ab le  No, 24 . Molecule
O rd in a ry  M ethod
P e r io d  o f 
s h a k in g  
( i n  h o u rs )
*
CaO
.4 8 0
1 .495
2 .4 9 8
> 2 .4 9 9
> 1 2 .506
R e p ea te d  h o u r e x t r a c t i
E x t r a c t  1 .470
«t 2 .0655
3 .050
" 4 .0526
" 5
R e p e a te d  h o u r e x t r a c t i o n
E x t r a c t  1 .503
» 2 .0703
* 3
* 4
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T ab le  No. 24 . M olecular R a tio s  of so lu b le  c o n s t i tu e n ts .
O rd in a ry  Method
P e r io d  o f 
s h a k in g  
( i n  h o u r s ) CaO
Sam ple A 
P2 °5 S i0 2
Sample B
CaO P ,0 r 2 5 S i02 CaO
Sam ple C
P 0 2 5 SiO_2
£ .480 .00746 .253 .487 .00865 .5 3 1 .0192 .2 5 7
1 .495 .00741 .260 .490 .00858 *255 .5 3 7 .0183 .2 4 9
2 .4 9 8 .00781 .258 .498 .00865 .253
'
.5 4 4 .0182
CMA .4 9 9 .00806 •231 .480 •00739 .227;
■ .5 3 0 .0178 .2 3 4
> 12 .506 .238 .5 0 8 .00746 .254 .5 5 2 .0178 .2 5 3
R ep ea ted  h o u r
E x t r a c t  1 
n 2
3
e x t r a c t i o n s . 
.470  .00767  
.0655  .00929  
.050  .0 0 9 6 5 ,
.244
•0133
.0020
ATI
.0658
.0505
.00837
.0095
.0103
.251
.0 1 #
.002
.5 3 7
.0694
.0 562
.0175
.0 128
.0123
.2 4 7
.0056
.0036
" 4 .0526 .0123 .00166 .0553 .0109 .0444 .0 0 9 7
n 5 .0118 .0117 .0357
.0053
R e p e a te d  h o u r e x t r a c t i o n s .
E x t r a c t  1 .503 .0086 .243 .500 .0094 .238 .5 / 5 .0175  , .257
« 2 •0703 .0123 • 0731 .0134 .0 7 9 .0 1 6 4
3 .0143 .0149 j .0 6 4 4 .0156
w 4 .0134 .0139 .0105
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D is c u s s io n  o f  R e s u l t s .
S l i g h t  d i f f e r e n c e s  o n ly  i n  t h e  c h e m ic a l c o m p o s it io n  o f t h e  
sa m p le s  fro m  th e  o u t s id e ,  m idway, and c e n t r e ,  o c c u r .  
E x a m in a tio n  o f t h e  m o le c u la r  fo rm u la e  shows t h a t  t h e r e  i s  
n o t  s u f f i c i e n t  c a lc iu m  p r e s e n t  t o  com bine w i th  t h e  s i l i c a  
and  w i th  t h e  p h o sp h o r ic  o x id e  t o  g iv e  d ic a lc iu m  s i l i c a t e  
and  a p a t i t e  r e s p e c t i v e l y :  so  t h a t  p ro b a b ly  some o f th e
m agnesium  t a k e s  th e  p la c e  o f c a lc iu m  i n  t h e  s i l i c a t e .
C i t r i c  a c id  s o l u b i l i t y  w i th  r e f e r e n c e  t o  s o lu b le  p h o sp h a te  
i s  t y p i c a l  o f f l u o r s p a r  s l a g s .  No in c r e a s e  i n  4 s o lu b le  P^O- 
i s  o b ta in e d  by  in c r e a s in g  th e  t im e  o f s h a k in g .  I n  some c a s e s  
a  d e c r e a s e  r e s u l t s .  The sam ple  fro m  th e  c e n t r e  o f  t h e  
b a l l  shows g r e a t e s t  amount o f s o lu b le  P2 O5 * t h a t  fro m  th e  
o u t s id e  o f t h e  b a l l  lo w e s t ,  w here  one t r e a tm e n t  w i th  c i t r i c  
a c id  i s  g iv e n .  T h is  i s  p ro b a b ly  due t o  d i f f e r e n c e s  in  
p h y s i c a l  s t a t e s  o f  th e  sam p les s in c e  no e x p la n a t io n  i s  t o  
b e  o b ta in e d  fro m  f in e n e s s  and c h e m ic a l c o m p o s it io n  f i g u r e s .
The l a r g e  am ounts o f  "OaO* and #S i02 * in  c o n t r a s t  
w i t h  t h e  s m a ll  am ounts o f "PgOs" t h a t  a r e  s o lu b le  i n  2$  c i t r i c  
a c id  on i n i t i a l  t r e a tm e n t  d e m o n s tra te  t h a t  t h e s e  a r e  n o t  
com bined t o g e t h e r  t o  fo rm  one compound.
On r e p e a te d  t r e a tm e n t  m ost o f t h e  c a lc iu m  and s i l i c a  
i s  s o lu b le  and fo u n d  t o  be  p r e s e n t  in  t h e  f i r s t  e x t r a c t ,  and
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c o n s e q u e n t ly  a  g r e a t e r  r e d u c t io n  in  t h e  a c i d i t y  o f t h e  
o r i g i n a l  a c id  s o l u t i o n  i s  n o te d .  I n  some c a s e s  t h e  $  s o lu b le  
f i g u r e  o b ta in e d  by sh a k in g  th e  r e s id u e  w i th  an  e q u a l  
q u a n t i t y  o f 2$  c i t r i c  a c id  s o l u t io n  e x ce ed s  t h a t  f o r  t h e  
f i r s t  e x t r a c t i o n .  T h is  may be due t o  t h e  in c r e a s e d  r a t i o  
o f  c i t r i c  a c id  t o  s o l i d  m a t e r i a l  and a l s o  t o  t h e  f a c t  t h a t  
s i n c e  m ost o f  t h e  c a lc iu m  h as b e en  d i s s o lv e d  r e d u c t io n  o f 
t h e  a c i d i t y  o f t h e  s o lv e n t  i s  n o t so  g r e a t , and th e  s o lv e n t  
i s  c o n s e q u e n tly  more a c t i v e ,
Acklam  B a l l  S l a g .
S am ples w ere  o b ta in e d  a s  i n  th e  c a s e  o f t h e  C argo F l e e t  S la g .  
T h in  s e c t i o n s  w ere  p re p a re d  fro m  th e  "lum p" sam p le s  and 
exam ined m ic r o s c o p ic a l ly ,  e s p e c i a l l y  f o r  th e  n a tu r e  o f th e  
p h o sp h a te  p r e s e n t ,  s in c e  th e s e  s l a g s  had b e en  p ro d u c e S fo rd in a ry  
w o rk in g  c o n d i t io n s  soon  a f t e r  th e  c la im  had b e e n  made t h a t  
l e s s  f l u o r s p a r  was b e in g  u se d  i n  th e  b a s i c  open h e a r th  p r o c e s s ,  
w i th  a  f a v o u r a b le  e f f e c t  on th e  c i t r i c  a c id  s o l u b i l i t y .  The 
c h e m ic a l  c o m p o s it io n  f i n e n e s s  and c i t r i c  a c id  s o l u b i l i t y  o f 
sam p les  g round  a s  f o r  f e r t i l i s e r  u se  w ere  a l s o  d e te rm in e d .
T a b le  No. 2 5 . F in e n e s s  o f Aoklam B a l l  S la g s .
F r a c t i o n  (A) (B) (c)
1 1 8 .4  1 2 .6  8 .8
2  1 4 .1  6 . 3  8 .6
3 7 .0  8 .2  8 .5
4 2 5 .0  3 1 .8  3 7 .8
5 3 5 .5  4 1 .1  3 6 .3
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T a b le  No, 2 6 .  Chem ical c o m p o s i t io n  o f  Ac klam  B a l l  S l a g s .
>1. (A) (B) (c)
CaO 4 6 .0 1 4 4 .5 6 4 5 .7 5
*2°5 1 7 .5 4 1 9 .6 0 1 8 .0 4
i  sio2 1 5 .0 0 14 .40 1 4 .0 0
$ MgO 6 .6 2 6 .4 6 6 .0 1
i  a i 2 o3 4 .2 4 4 .3 3 4 .1 4
$£ PeO 6 .8 0 4 .5 0 5 .7 0
#  ®,«2°3 2 .4 1 1 .6 5 2 .6 0
$  MnO 1 .2 1 1 .2 4 2 .0 8
1° s 1 .2 5 1 .1 6 1 .4 6
(G)
.816
.127
.232
.149
.0405
.0794
.0163
.0293
T a b le  No. 2 7 .  M o le c u la r  c o n c e n t r a t i o n s .
(A) (B)
CaO .821 .795
P2 ° 5 .123
COrH•
sio2 .2 4 9 .2 3 9
MgO .164 .160
A12 ° 3 .0415 .0424
FeO .0947 .0627
Fe2 °3 .0151 .0103
MnO .0171 .0175
M olecu lar form ulae of Aoklam B a ll  S lag  Samples.
(A)
(B )
CaO .821 
UgO .164
MnO .0171 )
FeO .0947
i .
CaO .795  )
MgO .160 )
MnO .0175 )
FeO .0627  )
(C) CaO .816  )
MgO .149  )
MnO .0 293  )
FeO .0794  )
P egO j .0151 ) SIO^ .2 4 9  
A12 0 .0415 ) PgOg .123
I e .  RO : .0516 2^°3
.2 2 7  S102 
.1 1 3  P2 o5
P e2 0 j  .0103 |  S102  .239
AlgCL ,0 4 2 4  ) PgOg .1 3 8
i . e .  RO : .0509  ^ 0 *  :
S102  .231 
P2 05 .133
Pe2 0 -  .0163  ) SiO .232
A1 0 ,  .0405 ) P2 0s  .1 2 7  
2 3
i . e .  RO s .0529  ^ 0 ^  :£ j
s io 2 .216  
P2 05 .118
C o n s id e r a t io n  o f above shows t h a t  t h e r e  i s  i n s u f f i c i e n t  
nCaOw t o  g iv e  a l l  t h e  a s  & P * tite  and nS iO ^# a s
d io a lc lu m  s i l i c a t e *  so  t h a t  a s  w i th  C argo F l e e t  B a l l  S lag s*  
and  a s  fo u n d  by S c o t t  and  M cA rthur ( 1 ) ,  MgO i s  p ro b a b ly  
r e p l a c i n g  #CaOw i n  t h e  s i l i c a t e .
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T a b le  No. 2 £ . C i t r i c  S o l u b i l i t y o f Acklam B a l l  S la g ,
li
Sam ple A |
f ro m  th e o u ts id e o f b a l l .
(5  gm. s l a g  i n  500 c c .  2$  o l t r i c  a c id  s o l u t i o n ,  sh ak en  a t
30  r e v /m in .)  j
P e r io d  o f  sh a k in g  A c id i ty  
( i n  h o u rs )  o f e x t r a c t
?t S o lu b le  
CaO
$  S o lu b le  
P2 °5
$  S o lu b le  
S i02
2 2 0 .7 4 2 .6 9 1 1 .5
2 4 2 1 .2 0 2 .7 5 1 2 .3 4
R e p ea te d  h o u r e x t r a c t i o n s . I
E x t r a c t  No. 1 50 cc s  9 .3  cc N 1 9 .0 5 2 .3 4
i
2  " 1 2 .8 5  # 8 .3 1 3 .3 6
3 " 1 3 .5 5  " 6 .9 7 3 .6 0
4 " 1 3 .7  " 6 .0 5 3 .0 5
1
5 n 1 3 .8 5  " 2 .1 7
M o le c u la r  R a t io s  o f a b o v e .
S o l . CaO S o l .  PgOg S o l .  S i02
.370 .019 .191
.378 .019 .204
.3 4 .0165
.148 .0236
.124 .0253
.108 .0215
.0153
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T ab le  No, 2 9 . C i t r i c  s o lu b i l i ty  of Aoklam B a ll S la g >Sample B
Midway t o  c e n t r e .
(5  g a . i n  500 c c . 2$ c i t r i c  a c id  s o l u t i o n  sh ak en  a t  50 re v /m in )  
P e r io d  o f  s h a k in g  A c id i ty  $  S o lu b le  $  S o lu b le  96 S o lu b le
( i n  h o u rs ) o f  e x t r a c t  CaO P2 ° 5 s i o 2
2 2 0 .4 5 2 .5 1 1 .0 0
2 4 2 0 .8 1 2 .6 4 1 1 .3 5
R e p e a te d  h o u r e x t r a c t i o n s
E x t r a c t  No. 1 50 cc = 9 .4  cc N 19.50 2 .6 2
2  " 1 3 .1  * 7 .5 2 3 .3 5
3 1 3 .5  * 5 .8 0 3 .0 7 5
4 * 1 3 .8  " 4 .5 3 2 .0 3 6
5 w 1 3 .8 5  " 1 .6 8
M o le o u la r  r a t i o s  o f a b o v e .
S o l .  CaO 
.365  
.571
S o l .  P2 05 S o l .  S10£ 
.0176  .182  
.0185  .168
.348 .0184
.134 .0236
.1035 .0 216
.o e i s .0143
.0 118
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T a b le  No» 50« C l t r l o  s o l u b i l i t y  o f Aoklam B a l l  S lag* Sam ple C
C e n tre  o f  B a l l .
(5  gm. i n  500 c c . 2$  c i t r i c  a c id  s o lu t io n *  sh ak en  a t  30 rev/m ini
P e r io d  o f sh a k in g  A c id i ty  4> S o lu b le  % S o lu b le  $> S o lu b le  
( i n  h o u rs )  o f  e x t r a c t
2 
24
CaO P2°5 S i0 2
2 3 .7 4 3 .4 3 1 1 .3 5
2 3 .7 5 3 .6 9 1 1 .6 1
R e p e a te d  h o u r e x t r a c t i o n s .
1 50 cc = 8 .9 5 coN 2 3 .5 5 3 .3 1
2 « 1 3 .0 5 «t 4 .9 0 3 .4 7
3 ft 1 3 .6 0 it 4 .2 3 3 .2 0
4 H 1 3 .9 0 n 3 .7 3 1 .9 7
5 It 1 3 .9 5 it 2 .1 9 1 .2 3
M o le c u la r  r a t i o s  of a b o v e .
S o l .  CaO S o l .  Po 0e S o l .  S i0 o2 5 2
.4 2 3  .0241  .188
.423  .0260 .192
.420 .0233
.0874  .0244
.0754 .0225
.0664 .0139
.0391  .0087
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Summary o f r e s u l t s .
The r e s u l t s  o b ta in e d  show , a s  w i th  C argo F l e e t  B a l l  S la g s ,  
no o u t s ta n d in g  d i f f e r e n c e s  i n  c h e m ic a l c o m p o s it io n  o f th e  
sa m p le s  t a k e n  from  d i f f e r e n t  p a r t s  o f t h e  " b a l l * .  I t  i s  
n o te w o rth y  t h a t  $  FeO i s  h ig h e s t  i n  t h e  sam ple from  th e  
o u t s id e  o f t h e  b a l l .
The g r e a t e r  s o lv e n t  power o f c i t r i c  a c id  f o r  
c a lc iu m , a s  com pared w i th  p h o sp h o ru s , in  th e s e  sam p les  of 
f l u o r s p a r  s l a g  i s  a g a in  d e m o n s tra te d . The r e d u c t io n  o f 
a c i d i t y  w i th  in c r e a s e  i n  s o lu b le  CaO i s  w e l l  m ark ed .
I n  e a c h  c a s e  th e  $  s o lu b le  ^2°5  o b ta in e d  fro m  
t r e a tm e n t  o f t h e  r e s id u e  w i th  2 ^  c i t r i o  a c id  e x ce ed s  t h a t  
o f  th e  f i r s t  e x t r a c t i o n .
The p e rc e n ta g e  s o l u b i l i t y  o f t h e  #I>2 05 ,, one
t r e a tm e n t  i s  g r e a t e s t  i n  sam ple from  t h e  o e n t r e  o f th e  b a l l .
^ jLt h
The r e s u l t s  o b ta in e d  i n d i c a t e  t h a v s u f f i c i e n t  r e p e t i t i o n  o f 
o f t r e a tm e n t  a l l  t h e  p h o sp h a te  p r e s e n t  i s  s o lu b le  in  c i t r i c  
a c i d .
M ic ro sc o p ic  E x a m in a tio n  o f Aoklam B a l l  S la g .
T h is  c o n s i s t e d  o f e x a m in a tio n  o f t h i n  s l i d e s  o f th e  v a r io u s  
s a m p le s , i n  t r a n s m i t t e d  l i g h t .
Sam ple (A ). T h is  sp ec im en  w as a  f i n e  g ra in e d  a g g re g a te
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o f  c o l o u r l e s s  t r a n s p a r e n t  c r y s t a l s ,  o c c a s io n a l ly  o c c u r r in g  
a s  s m a ll  l a t h s ,  and d a rk  c o lo u re d  m a t e r i a l » t r a n s l u c e n t  o r  
o p a q u e , p r e s e n t  i n  c h a r a c t e r i s t i c  rounded  fo rm .
A t h ig h  m a g n i f ic a t io n ,  th e  t r a n s p a r e n t  m a t e r i a l  was 
fo u n d  t o  be  composed of tw o d i f f e r e n t  m a t e r i a l s  (1 )  L a th s  
w i t h  h ig h  r e f r a c t i v e  in d e x , low d o u b le  r e f r a c t i o n ,  and show ing 
s t r a i g h t  e x t i n c t i o n  -  o p t i c a l  p r o p e r t i e s  o f a p a t i t e ,  (2 ) 
I r r e g u l a r  c r y s t a l s ,  in  some c a s e s  s l i g h t l y  s t a i n e d ,  w i th  
h ig h  r e f r a c t i v e  in d e x  and low d o u b le  r e f r a c t i o n .  The d o u b le  
r e f r a c t i o n  was how ever h ig h e r  th a n  t h a t  o f th e  p re c e d in g  ty p e .  
The p r o p e r t i e s  a g re e  w i th  t h e  o p t i c a l  p ro p s , o f d ic a lc iu m  
s i l i c a t e .
Sam ple (B) .  The t h i n  s e c t i o n  o f t h i s  sam ple  showed t h e
p re s e n c e  o f r e l a t i v e l y  a b u n d an t c o lo u r l e s s  c r y s t a l s  w i th  
w e l l  d e f in e d  c r y s t a l  f a c e s .  T hese o r y s t a l s  w ere  o f a  l a r g e  
s i z e  and o f a  p o r p h y r i t i o  n a t u r e .  I n  c r o s s - s e c t i o n  th e y  w ere  
h e x a g o n a l,  and o f te n  c o n ta in e d  i n c l u s i o n s .  The o p t i c a l  
p r o p e r t i e s  a g re e d  e x a c t ly  w i th  th o s e  o f a p a t i t e  -  h ig h  
r e f r a c t i v e  in d e x , low d o u b le  r e f r a c t i o n ,  s t r a i g h t  e x t i n c t i o n .
The s e c t i o n  a l s o  showed a  l a r g e  num ber o f s m a l le r  
i r r e g u l a r  o r y s t a l s ,  w h ic h  had a " f r o s t e d "  a p p e a ra n c e , 
p ro b a b ly  i n d i c a t i n g  a l t e r a t i o n .  The p r o p e r t i e s  w ere  i n  
a g re em e n t w i th  th o s e  o f d io a lo iu m  s i l i c a t e .
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V e ry  s m a l l  amounts o f c o l o u r l e s s  m a t e r i a l  o f  h ig h  d o u b le  
r e f r a c t i o n  w ere  a l s o  n o t e d .  T h is  o c c u r re d  b e tw ee n  c r y s t a l s  
o f  a p a t i t e  and t h e  s i l i c a t e .
The m a t r ix  a s  i n  (A) was composed of rounded  t r a n s l u c e n t  
o r  opaque g r a i n s .  I n  t h i s  s e c t io n *  t h e y  w ere  l a r g e r .
Sam ple (c). T h is  s e c t i o n  was s i m i l a r  t o  t h a t  of sam ple  (B). 
The d i f f e r e n c e s  i n  t e x t u r e  and c r y s t a l  s i z e  a r e  shown i n  t h e  
p h o to g ra p h s  o p p o s i t e .  Those of (3) and (c) w ere  t a k e n  t o  
shew p r i m a r i l y  t h e  n a t u r e  of t h e  a p a t i t e  c r y s t a l s ,  i n  r e a l i t y  
t h e  g round  mass i s  n o t  so  d a r k  a s  i t  a p p e a r s  i n  t h e  
p h o t  o g r a p h s .
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S o lu b i l i ty  of Baslo S lags In  S tandard  Aold S o lu tio n s .
The c i t r i c  a c i d  s o l u b i l i t y  f i g u r e s  o b ta in e d  i n  t h e  p r e c e d in g  
w o rk  have shown t h a t ?  w i t h  f l u o r s p a r  s l a g s , two p e r  c e n t ,  
c i t r i c  a c i d  s o l u t i o n  i s  a  b e t t e r  s o l v e n t  f o r  t h e  c a lc iu m  
p r e s e n t  t h a n  f o r  t h e  p h o sp h o ru s ,  t h e  r e a c t i o n  w i t h  t h e  
c a l c i u m  oompounds r e d u c in g  t h e  a c i d i t y  o f  t h e  s o l u t i o n .
T h i s  p ro b a b ly  a f f e c t s  t h e  s o l u b i l i t y  o f  t h e  p h o sph o rus  
com pounds, and i s  f u r t h e r  e v id e n c e  of t h e  e m p i r i c a l  n a t u r e  
o f t h e  c i t r i c  a c i d  t e s t  i n  d e a l i n g  w i t h  s l a g s  showing 
v a r i a t i o n s  i n  c a lc iu m  c o n t e n t .
To d e te rm in e  t h e  e f f e c t  o f  a c i d i t y  on t h e  
s o l u b i l i t y  o f  t h e  c a lc iu m ,  s i l i c o n ,  and p h o sp h o ru s  c o n ta in e d  
i n  (1 )  N o n - f lu o r s p a r  s l a g  (Nov. 1950} No. 1 .
(2 )  F l u o r s p a r  s l a g  (Nov. 1930} No. 2 .
(3 )  Acklam B a l l  S la g  -  Sample A fro m  t h e  o u t s i d e  o f  t h e
" b a l l "
(4 )  » * " C " " c e n t r e  " "
a  s e r i e s  o f  t e s t s  w ere  c a r r i e d  out u s i n g  b u f f e r e d  a c i d  
s o l u t i o n s  o f  known PH v a lu e  and s t a n d a r d  a c i d i t y .
The s t a n d a r d  s o l u t i o n s  w ere  m ix tu r e s  o f  sodium  
a c e t a t e  and h y d r o c h l o r i c  a c i d ,  made up  a c c o r d in g  t o  f i g u r e s  
p u b l i s h e d  by  B r i t t o n  ( 1 4 ) .
The method employed was s i m i l a r  t o  t h a t  o f  o f f i c i a l  
m ethod f o r  t h e  c i t r i c  a o ld  t e s t  -  5 gm. sam p le s  o f  t h e  s l a g s ,
CIW.$><ow«v<r Retorronf 6e,rw6£/V 
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o f  f i n e n e s s  a l r e a d y  n o te d ,  sh ak en  a t  room te m p e r a tu r e  f o r  
1 h o u r  a t  30 r e v s / ro in .  At t h e  end of t h e  sh a k in g  p e r io d  
t h e  r e s i d u e  was s e p a r a t e d  from  t h e  s o l u t i o n  by f i l t r a t i o n ,  
t h e  e x t r a c t  b e in g  im m e d ia te ly  a n a l y s e d .
PH v a lu e s  were d e te rm in e d  by t h e  q u in h y d ro n e  
e l e c t r o d e  -  60 second  v a l u e s .
T a b le  No. 3 1 .  S o l u b i l i t y  of n o n - f l u o r .  s l a g  N o . l  i n s tan d ard !
a c i d  s o l u t i o n s .
S o l u t i o n  No. 1 2 3 4 !
Volume of N Hcl j
i n  500 cc . 160 140 120 100 |
Volume of N.Sodium j
a c e t a t e  i n  500 cclOO 100 100 100 |
pH (T heo r) .91 1 .0 9 l .*2 2 .6 4
pH (D e te rm in ed ) .90 1 .1 0 1 .4 3 2 .6 6
E x t r a c t  PH - 5 .5 3 .8 2 4 .1 3 4 .4 6  ]
C o lo u r b lu e b l u i s h y e l lo w y e llow  j
A c i d i t y  o f  500ec» 1 0 6 .2  ccN 9 2 .2  ccN 7 6 .4  ccN 60 ccN
R e d u c t io n  of
a c i d i t y  cc .N 5 3 .8 4 7 .8 4 3 .6 40 .0
f> S o lu b le  CaO 5 9 .2 3 7 .4 5 3 6 .4 3 4 .8  !
ft S o lu b le  P0 O5 11 .8 2 1 0 .7 10 .4 3 10 .28  1
4 S o lu b le  SlOo 9 .2 8 8 .9 7 8 .6 4 7 .92$ S o l u b i l i t y  CaO 8 9 .1 8 5 .1 3 8 2 .7 5 78 .38  I
'jL S o l u b i l i t y  Pp05 9 4 .2 8 5 .2 8 3 .1 8 1 .9  1
S o l u b i l i t y  S l02 3 4 .3 5 8 1 .5 5 7 8 .5 4 7 1 .99
M o le c u la r  R a t i o s .
S o lu b le  CaO 8 .4 0 8 .8 6 8 .8 7 8 .5 8
S o lu b le  P2 O5 .1 1 1 1
S o lu b le  S i0 2 1 ,8 5 1 .9 7 1 .9 6 1.82
5 6 7 8
85 60 40 20
100 100 100 100
5 . 7 9  4 .3 9  4 .7 6  5 .2
5 . 8 1  4 .3 9 __________ 4 178__________ 5 .2 3
4772  5 .2 0  §757 6 .4 0
y e l l o w  y e l l o w i s h  c o l o u r l e s s
4 6 .2  eeN 2 4 .8  eoN 1 1 .1  eeH 1 .8 3  ecH
3 8 .8  3 5 .2  2 8 . 9  1 8 .2
3 3 .9  2 9 .9  2 2 .0 7  1 2 .0 3
1 0 .0 5  9 .7 1  5 .7 7  2 . 5
7 .1 6  6 .5 4  4 .8 5  2 .7 0
7 7 .0 5  67.97 5 0 .1 6  2 7 .3 4
8 0 .0 7  7 7 .3 8  4 5 .9 8  1 8 .7 7
6 5 .0 9  5 9 .4 6  4 4 .0 9  2 4 .5 5
8 .5 5  7 .8 2  9 .6 9  1 2 .2
1 1  1 1  
1 .6 8  1 .5 9  1 .9 8  2 .5 5
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T a b le  No, 3 2 .  S o l u b i l i t y  o f  F l u o r s p a r  S la g  No. 2 I n
s t a n d a r d  a c i d  s o l u t i o n s .
S o l u t i o n  No. 1 2 3 4 5 6 7 8
C o m p o s i t io n  a s i n  s o l u t i o n s  f o r  S la g  Bo. 1 . 1
E x t r a c t
PH 3 .5 1 4 .1 0 4 .5 0 4 .8 5 4 .9 7 5 .0 9 6 .1 8 7 .6 6
C o lo u r .
A c i d i t y  o f 
500 cc i n  
o c .N  9 5 .8 8 0 .4
C o lo u r le s s  
6 6 .0  4 6 .1 5 3 4 .7 5 13 .40 3 .6 9 •25a3k
R edn . o f 
A c i d i t y
i n  cc .N  6 4 .2 5 9 .6 5 4 .5 5 3 .8 5 5 0 .2 5 4 6 .6 3 7 .3 2 0 .2 5
io Sol.CaO  3 3 .6 3 0 .4 5 2 8 .0 5 2 6 .4 2 5 .9 2 3 .8 1 9 .4 8 1 1 .8 7
% S o l . ^ 0 5 4 .6 3  
<f> S o l .S lO p  1 1 .5 1  
$  S o l u b i l i t y  
CaO 68*3
3 .0 3 1 .6 9 1 .1 5 1 .05 .836 .59 .231
10 .30 10 .1 5 9 .7 4 e.78 8 .3 5 6 .0 2 3 .2 3
6 1 .9 5 7 .1 5 3 .7 5 2 .7 4 8 .4 3 9 .6 2 4 .1
$  S o l u b i l i t y  
Pp05 4 3 .2 5 2 8 .3 1 5 .8 10 .75 9 . 8 7 .8 1 5 .5 1 2 .1 5
<jb S o lu b i l i t y  
S i0 2 8 0 .5 7 2 .0 7 1 .0 6 8 .2 6 1 .4 5 8 .4 4 2 .1 2 2 .6
M o le c u la r R a t io s CaO : P2 °5 : Si02
S o lu b le
CaO
S o lu b le
1 8 .4 2 5 .5 4 2 .1 5 8 .2 6 2 .5 7 2 .2 8 3 .5 1 3 0 .5
P2°5
S o lu b le
1 1 1 1 1 1 1 1
S i0 2 5 .8 6 8 .0 2 14 .1 5 1 9 .9 5 1 9 .7 2 3 .5 5  2 4 .0 3 3 3 .0 5
CfiZWtf£> Stj0V4tri<r RjfLLfWfQN  8 £ 7 * W £ £ / V .
Pe&C&NTQGil S()Lv6fUfy FfM() ihtiTtfiL flo$t7y 
oF\>OJLO front. —  f f o i A A t y  6 4 / X  ~ (fj)
fo e
do
60
f»
j5»ba
Coo
PvOk
30 ^  0>o 80 ft)n &0 ftfc r(>9.
Vok</#*f£, O f  /V tf jC l. r w  S O L O f f O r f  -  c.c.
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T a b le  Wo, 3 3 .  S o l u b i l i t y  o f  Acklam B a l l  S la g  ~ Sample A>
from  t h e  o u t s id e  o f  t h e  b a l l 1* In  
s t a n d a r d  a c i d  s o l u t i o n s .
S o l u t i o n  No. 1 2 3 4 5 6  7 e
C o m p o s it io n  a s  i n  s o l u t i o n s  f o r  N o .1 Slag
E x t r a c t
PH 3 .4 2  3 .8 8  4 .2 4  4 .4 8  4 .7 2  4 .9 8  6 .0 2  6 .4 7
C o lo u r  C o lo u r le s s
A c i d i t y  of 
500 cc i n
C C . N  9 9 .2 6  8 7 .3 5  7 3 .9 6  5 8 .5 7  4 6 .1 6  2 4 .8 2  1 0 .25  1 .5
R e d u c t io n
of a c i d i t y
i n  cc .N  6 0 .7 4  5 2 .6 5  4 6 .0 4  4 1 .4 3  3 8 .8 4  3 5 .1 8  2 9 .7 5  1 8 .5
$  S o lu b le
CaO 2 9 .2  2 4 .5 5  2 0 .8 6  16 .95  16 .52  14 .84  13 .03  9 .3 6
$  S o lu b le
P2 ° 5  4 .6 3  2 .8 9  1.295 1 .1 6  1.114 .926 .75
% S o lu b le
SiOp 1 2 .9 7  12 .09  1 1 .13  9 .9 8  9 .4 6  8 .4 6  7 .2 4  4 .5 5
% S o lu b i l i t y
CaO 6 3 .5  5 3 .4  4 5 .3  3 6 .9  3 5 .9  3 2 .3  2 8 .3  2 0 .3
$  S o lu b i l i ty
Po05 3 8 .2 5  2 6 .4  16 .5  7 .3 8  6 .6 2  6 .3 5  5 .2 8  4 .2 8
S o lu b i l i ty
S i0 2 8 6 .4 8  8 0 .5 8  7 4 .1 8  6 6 .5 3  6 3 .0 6  5 6 .4  4 8 .2 6  3 0 .3 3
M o le c u la r  R a t i o s .
S o lu b le  CaO 11.01 13 .44  1 8 .2 9  3 3 .1 6  3 6 .0 8  3 3 .7 7  3 5 .6 6  3 1 .6 1
S o lu b le
P2 05 l l l l l l l  1
S o lu b le
S io  4 .5 5  6 .1 5  9 .0 8  18 .16  1 9 .2 2  1 7 .8 9  18 .4 1  1 4 .3
( jKMfjS Sfja t^fMCf KEtfiTron 66fvj£,&rt.
Pea.ciz.NTftGrE. 5 o/Luetutn/ qnq fntTtftu. P\of)uy 
O F  S O U J t f O N  —  S f t k L  -  S A " r P A £ - ( C ) ,
fVQ
0  AO &o to 80 f o o  r J o  r f o /6o
Volume O f  fV fry § o u > r t u r f  -  cc.
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T a b le  Ho, 3 4 .  S o l u b i l i t y  o f  Acklam B a l l  S la g  ~ Sample C>
f r o m  c e n t r e  o f  ^ b a l l 11 I n  s t a n d a r d  
a c i d  s o l u t i o n s .
S o l u t i o n  N o . l  2 3 4 5 6 7 8
C o m p o s i t io n  a s  i n  s o l u t i o n s  f o r  No. 1 .
E x t r a c t
PH 3 .9 3 4 .3 7  4 .7 0  4 .8 1 5 .1 3 5 .5 9 6 .0 6 7 .2 3
C o lo u r
A c i d i t y  o f  
500 c c . i n  
ec  .N 9 9 .5 1
C o l o u r l e s s  
8 2 .8 8  7 0 .9 8  5 2 .6 1 3 9 .2 2 14 .4 4 .2 6 u .o
R e d u c t io n  
o f  a c i d i t y  
i n  cc .N 6 0 .4 9 5 7 .1 2  4 9 .0 2  4 7 .3 9 4 5 .7 8 4 5 .6 3 5 .7 4  20
96 S o lu b le  
CaO 3 1 .8 3 2 7 .1 6  2 4 .5 5  2 2 .3 1 2 2 .1 2 2 1 .2 8 1 7 .65 9 .8 5
96 S o lu b le  
^2^59b S o lu b le  
S i0 o
7 .2 0 5 .6 3  3 .9 3  2 .7 1 2 .5 4 2 .2 5 1 .7 2 .7 9
1 2 .0 0 1 1 .9 7  1 1 .8 1 1 .3 6 1 1 .1 5 9 .2 8 5 .0 4
96 S o lu b i l i t y  
CaO 6 9 .6 5 9 .4  5 3 .7  4 8 .8 4 8 .4 4 6 .5 3 8 .6 2 1 .5
96 S o lu b il i ty  
P2°5 3 9 .9 3 1 .2  2 1 .8  1 5 .0 3 1 4 .1 1 2 .5 9 .5 4 4 .3 8
96 S o lub ility  
S i0 2 8 7 .7 8 5 .5  8 4 .3 8 1 .2 7 9 .6 6 6 .3 3 6 .0
M o le c u la r  R a t i o s .
S o lu b le
CaO 1 1 .1 9  1 2 .2 3  1 5 .8 3  2 0 .8 5  2 2 .1  2 3 .9 5  2 6 .0 0  3 1 .5 9
S o lu b le  P205 1 1 1 1 1 1  1 1
S o lu b le
S102 3 .9 3  5 .0 1  7 .0 7  1 0 .5 5  1 1 .6 7  1 2 .7 1  1 5 .0 3
D isc u ss io n  of r e s u l t s .
R e d u c t io n  o f  a c i d i t y .  T h is  v a lu e  i n  e v e ry  e a s e  d e c r e a s e s  
w i t h  d e c r e a s i n g  q u a n t i t y  o f  h y d r o c h lo r i c  a c id  p r e s e n t  i n  t h e  
o r i g i n a l  s o l u t i o n .  Com parison o f  t h e  f i g u r e s  o b ta in e d  w i t h  
t h e  d i f f e r e n t  s l a g s  shows t h a t  t h e  r e d u c t i o n  o f  a c i d i t y  i s  
l e a s t  w i t h  t h e  n o n - f l u o r s p a r  s la g *  a l t h o u g h  t h e  a c t u a l  amount
o f  e a lc iu m  ox ide  i n  s o l u t i o n  ex ceed s  t h a t  o b ta in e d  w i t h  t h e
f l u o r s p a r  s l a g s .  The v a l u e s ,  t a b u l a t e d  b e lo w , i n  te rm s  o f  
volum e i n  c u b ic  c e n t i m e t r e s  o f  n o rm al s o l u t i o n ,  a r e  due t o  
r e a c t i o n  w i t h  5 gram s of t h e  s l a g  s a m p le s .
T a b le  No. 3 5 .  R e d u c t io n  o f  a c i d i t y .
S o l u t i o n S la g  No. 1 S la g  No. 2 Acklam B a l l  S l a g .  
Sample A Sample C
1 5 3 .8 6 4 .2 6 0 .7 4 6 0 .4 9
2 4 7 .8 5 9 .6 5 2 .6 5 5 7 .1 2
3 4 3 .6 5 4 .5 4 6 .0 4 4 9 .0 2
4 4 0 .0 5 3 .8 5 4 4 .4 3 4 7 .3 9
5 3 8 .8 5 0 .2 5 3 8 .8 4 4 5 .7 8
6 3 5 .2 4 6 .6 3 5 .1 8 4 5 .6
7 2 8 .9 3 7 .3 2 9 .7 5 3 5 .7 4
8 1 8 .2 2 0 .2 5 1 8 .5 20
T a b le  No. 3 6 .
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S o lu b le  CaO i n  gram s from 5 gm. of s l a ^
T o t a l  CaO i n  
5 gm. sam ple
S l a g  N o . l  
2 .2  gm.
S la g  N o.2 
2 .4 6  gm.
Acklam B a l l  S l a g .  
Sample A Sample C
2 . 3  gm. 2 . 2 9  gm.
E x t r a c t
1 1 .9 6 1 .6 8 1 .4 6 1 .5 9
2 1 .8 7 1 .5 2 1 .2 3 1 .3 6
3 1 .8 2 1 .40 1 .4 3 1 .2 3
4 1 .7 4 1 .3 2 0 .8 5 1 .1 2
5 1 .6 9 1 .2 9 0 .8 2 6 1 .1 1
6 1 .5 0 1 .1 9 .742 *1 .0 6
7 1 .1 0 .974 .652 .883
8 .602 .594 .468 .493
S o lu b le  P h o sp h o r ic  o x id e .
W ith  a l l  f o u r  s l a g s  t h e  more s t r o n g l y  a c i d  t h e  e x t r a c t i n g  
s o l u t i o n  t h e  more p h o sp h o r io  ox id e  i s  fo u n d  p r e s e n t  i n  s o l u t i o n
T a b le  Ho, 3 7 .  S o lu b le  i n  grams f ro m  5 gm. o f  s l a g .
E x t r a c t S la g  N o . l S la g  N o.2 Acklam A Acklam C
1 .591 .232 .336 .360
2 inIf)• .151 .232 .282
3 .522 .085 .145 .197
4 .514 .0575 .0648 .136
5 .503 .0525 .0 5 8 .127
6 .486 .0418 .0552 .113
7 .289 .0295 .0463 .086
8 .125 .0116 .0375 .0395
T o t a l  *2^5 p r e s e n t  .628 .536 .6 7 7 .902
G|RjAPH€> 5^owfN<x ee Tween/
{ \ M 0 0 n T  o f  $ O L U 8 L .£  t*Nl) f n r T r ' I k '  / f C f & r T y
OF iSO U ) T f O M $ .
fOO r<
VoMJM£ OF M f^ CC. IN ■Soe.OTfOM - CA.
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THese v a lu e s  a r e  p l o t t e d  a g a i n s t  t h e  volume o f  Normal 
h y d r o c h l o r i c  a c i d  c o n ta in e d  i n  500 c c .  o f  o r i g i n a l  s o l u t i o n s ,  
i n  g ra p h s  on t h e  page o p p o s i t e .
The g ra p h s  d e m o n s tr a te  t h e  d i f f e r e n c e  i n  t h e  n a t u r e  o f t h e  
p h o s p h a te  c o n ta in e d  i n  t h e  n o n - f l u o r s p a r  and t h e  f l u o r s p a r  
s l a g s .
S o l u b l e  S i l i c a .  The f i g u r e s  f o r  s o l u b l e  s i l i c a  a r e  s i m i l a r  
t o  t h o s e  f o r  s o l u b l e  "CaO" a n d ’PgOg" i n  t h e  r e s p e c t  t h a t  
d i m i n i s h i n g  amounts a r e  foun d  i n  s o l u t i o n  w i t h  d e c r e a s e  i n  
a c i d i t y .
T a b le  No. 3 8 .  S o lu b le "SiO* i n  RIB. f ro m  5 gm. o f s l a g .
E x t r a c t S la g  No. 1 S la g  No. 2 Acklam A Acklam C
1 .464 .576 .6 4 9 .60
2 .449 .515 .605 .599
3 • V>1 IV) .507 .557 .5 9
4 .396 .4 8 7 .499
5 .358 .439 .473 .568
6 .327 .418 .423 .5 5 8
7 .2 4 3 .308 .362 .464
8 .135 .162 .228 .252
M o le c u la r  r a t i o s  o f  s o l u b l e  CaO s P2 05 s SiOg
S la g  No. 1 .  -  The r a t i o s  a r e  p r a c t i c a l l y  t h e  same f o r  e a c h
s o l u t i o n .  T h is  i n d i c a t e s  t h a t  t h e  t h r e e  c o n s t i t u e n t s  u n d e r
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c o n s i d e r a t i o n  a r e  combined t o g e t h e r  I n  t h e  s l a g .  The 
s l i g h t  v a r i a t i o n s  t h a t  o c c u r  a r e  t o  be e x p e c te d  due t o  t h e  
com plex  and h e t ro g e n e o u s  n a t u r e  o f t h e  m a t e r i a l s .
The CaO : P2 °5  r a t i o  i s  p r a c t i c a l l y  t h e  same a s  t h a t  o b ta in e d  
w i t h  2$  c i t r i c  a c i d .  The d i f f e r e n c e  i n  s o l u b l e  CaO, P2 O5 
and  SiOg b e tw e e n  t h e  f i g u r e s  o b ta in e d  w i t h  any tw o s o l u t i o n s ,  
p r o v id e d  t h e r e  h a s  n o t  b e e n  r e p r e c i p i t a t i o n  of some of t h e s e  
c o n s t i t u e n t s  a f t e r  s o l u t i o n  from  t h e  s l a g ,  sh o u ld  g iv e  a more 
n e a r l y  c o r r e c t  v a lu e  f o r  t h e  CaO : P2 05 : S i02  r a t i o s  o f  t h e  
compounds o c c u r r in g  i n  t h e  s l a g ,  s i n c e  t h e  e f f e c t  due t o  
"CaO" o c c u r r i n g  a s  f r e e  ox ide  i s  d i s p o s e d  o f .  The d i f f e r e n c e s  
i n  s o l u b l e  p h o s p h o r ic  o x id e  f o r  a d j a c e n t  s o l u t i o n s  a r e  so  s m a l l  
when compared w i t h  t h e  amount s o l u b l e  i n  t h e  more a c i d  
s o l u t i o n s  t h a t  a v e ry  s m a l l  e x p e r im e n ta l  e r r o r  i n  t h e  p h o sp h a te  
d e t e r m i n a t i o n  may mask t h e  t r u e  r e s u l t s .  W ith  r e g a r d  t o  
s o l u t i o n s  7 and 8 where PH o f  e x t r a c t  i s  5 .6 7  and 6 .4 0  
r e s p e c t i v e l y ,  i t  i s  t o  be  n o te d  t h a t  t h e s e  e x t r a c t s  come 
w i t h i n  t h e  ra n g e  w here  d i c a lc i u m  p h o s p h a te ,  o r  t r i c a l o i u m  
p h o s p h a te  may be  p r e c i p i t a t e d  fro m  s o l u t i o n .  B r i t t o n  (15) 
h a s  shown t h a t  t h i s  d o e s  t a k e  p l a c e  when s o l u t i o n  i s  more 
a l k a l i n e  t h a t  PH 5 . 5 .  Some o f  t h e  r a t i o s  have b e e n  
c a l c u l a t e d .
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T hese  a r e  g iv e n  b e lo w .
D i f f .  b e tw een  s o l u b l e  c o n s t i t u e n t s
S o l . l  and S o l .  8 g iv e  CaO:P2 05 : 8 1 0 2 * 7 .3 9 :1 :1 .6 6
" " 1 " 7  ” = 7 .1 7 : 1 : 1 . 7 3
" " 2  " 8  * - 7 . 8 6 : 1 : 1 . 8 0
" " 2 " 7 * = 7 . 9 1 : 1 : 1 . 9 7
■ " 1 " 5 " = 7 .5 9 : 1 : 2 .8 2
" * 3 " 7  " - 7 . 7 9 : 1 : 1 . 9 2
T hese  c o n f i rm  t h e  view  t h a t  t h e  p h o sp h o ru s  compounds p r e s e n t  
i n  t h i s  s l a g  a r e  s i l i c o  p h o s p h a te s .  A m ix tu re  o f  s i l i c o  
p h o sp h a te  S i 0£ :P 2 05 : :  1 : 1 and s i l i c o  p h o sp h a te  
S i 0 2 sP2 0 5 : : 3 s 1 would g iv e  t h e  above r a t i o s .
S l a g  No. 2 .
The r a t i o s  o f  s o l u b l e  Ca0:P2 05 :S i0 ^  o b ta in e d  w i t h  t h i s  s l a g  
a r e  v e ry  d i f f e r e n t  from  t h o s e  o b ta in e d  w i t h  t h e  p r e c e d in g  
s l a g .  They show t h a t  t h e  c a lc iu m ,  s i l i c o n ,  and p h o sp h o ru s  
a r e  n o t  a l l  combined t o g e t h e r .
I f  t h e  a p a t i t e  e q u iv a l e n t  f o r  c a lc iu m  i s  t a k e n  f o r  t h e  
p h o s p h o r ic  o x id e  from  t h e  f i g u r e s  o b ta in e d  f o r  m o le c u la r  
r a t i o s  o f  s o l u b l e  c o n s t i t u e n t s  t h e  r a t i o s  o f  t h e  r e m a in in g  
CaOiSiOg a r e  a s  f o l lo w s
S o l u t i o n  1 .  2 .5 8  : 2 ,  2 .7 7  : 3> 2 .7 4 *  4 ,  2 .7 5  : 5 ,  3 .0 0  
6 ,  2 .9 2  : 7> 3 .3 4  : 8 ,  3 .8 5 .
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T h ese  a r e  above t h e  v a lu e  r e q u i r e d  f o r  d i c a lc iu m  s i l i c a t e  
b u t  a l lo w a n c e  i s  t o  be made f o r  t h e  "CaO" o c c u r r in g  i n  
s p i n e l l o i d  m a t e r i a l*  and a s  f r e e  o x id e .  T h is  would 
a c c o u n t  a l s o  f o r  t h e  i n c r e a s e d  r a t i o  o b se rv ed  w i t h  s o l u t i o n s  
c o n t a i n i n g  l e s s  a c i d  s in c e  t h e  amount o f  "CaO" o b ta in e d  from  
" s p i n e l s "  and f r e e  o x id e ,  r e l a t i v e  t o  t h e  amount o f  d i c a lc i u m  
s i l i c a t e  becom ing s o l u b l e  i n c r e a s e s .
As w i t h  s l a g  No. 1 , t h e  s m a l l  d i f f e r e n c e s  i n  s o l u b l e  "CaO"
and WP2 05 " a d j a c e n t  s o l u t i o n s  compared w i t h  t h e  a c t u a l
am ounts  s o l u b l e  r e n d e r  t h e  m o le c u la r  r a t i o s  c a l c u l a t e d  from
t h e s e  f i g u r e s  i n a c c u r a t e .  The f i g u r e s  o b ta in e d  fro m  widely-
s e p a r a t e d  s o l u t i o n s  g iv e  more r e l i a b l e  r e s u l t s .
The PH o f  e x t r a c t s  7 and 8 a r e  b o t h  w i t h i n  t h e  l i m i t  f o r
p r e c i p i t a t i o n  o f  c a lc iu m  p h o s p h a te .
D i f f .  b e tw ee n  s o l u b l e  c o n s t i t u e n t s  of
S o l .  2  and S o l .  6 CaO:SiO>:P2 %
" 1 * 5  ■ 5 . 5 : Is 1 .8
* 1 " 6  " 6 . 6 : 1 : 1 . 9
A p a t i t e  would r e q u i r e  3 .3  CaO f o r  1 P2 % .  The r a t i o s  o f  t h e  
r e m a in in g  CaO : S102 a r e
4 . 4  s 2 .1  
2.2  : 1.8
3 .3  J 1 .9
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Acklam B a ll S lag  A.
The m o le c u la r  r a t i o s  o f  C a O ^ O g iS iO g  show v a r i a t i o n s ,  a s  
i n  S la g  No. 2 ,  w h ich  i s  a l s o  a  f l u o r s p a r  s l a g .  M ic ro sc o p ic  
e x a m in a t io n  has  shown t h e  p re s e n c e  o f  a p a t i t e ,  and i f  t h e  
CaO e q u iv a l e n t  f o r  t h e  P2 O5 t o  g iv e  a p a t i t e  r a t i o  i s  
s u b t r a c t e d  from  t h e  t o t a l  CaO, t h e  r a t i o  o f  t h e  r e m a in in g  
CaO t o  SiC^ i s  a s  f o l lo w s
S o l u t i o n  1 , 1 . 7 s S o l u t i o n  2 ,  1 .6 :  3> 1 .6 s  4 ,  1 .6 :
5 ,  1 .7 s  6 , 1 ,7 :  7* 1 . 8 s 8 , 2 . 0 .
C o n s i d e r a t i o n  o f  t h e  m o le c u la r  fo rm u la  p r o v id e s  an
e x p l a n a t i o n  f o r  t h i s  r a t i o  b e in g  l e s s  t h a n  2 .  T here  i s
n o t  s u f f i c i e n t  "CaOtt p r e s e n t  t o  combine w i t h  a l l  t h e  p h o sp h a te  
and s i l i c a  t o  g iv e  a p a t i t e  and d i c a lc iu m  s i l i c a t e  r e s p e c t i v e l y ,  
so  t h a t  magnesium s i l i c a t e  i s  p ro b a b ly  p r e s e n t  i n  s o l i d  
s o l u t i o n  w i t h  e a lc iu m  s i l i c a t e .
D i f f e r e n c e s  i n  s o l u b l e  CaO, P«0e , and S i0 o w i t h  s o l u t i o n stL D c.
w id e ly  d i f f e r e n t  i n  a c i d i t y  v a lu e  g iv e  m o le c u la r  r a t i o s
s i m i l a r  t o  t h o s e  o b ta in e d  from  t h e  s o l u b i l i t y  f i g u r e s .
D i f f .  o f  s o l u b l e  c o n s t i t u e n t s  o f
S o l s .  1 and 6 CaO:P2 % :S iO ^  : :  6 .5  : 1 : 1 .9
1 * 5 " : :  5 .7 9 :  1 : 1 .4 9 .
W ith  p h o sp h a te  p r e s e n t  a s  a p a t i t e ,  r e q u i r i n g  3 .3  CaO: 1 Po 0 ,
2  5
t h e  r e m a in in g  Ca0 :S 102 * 1 .6 8  : 1 , and 1 .6 5  : 1 r e s p e c t i v e l y .
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Acklam B a ll  S lag  C.
The m o le c u la r  r a t i o s  o f  s o lu b l e  Ca0:P2 05 : S102 show, a s  w i t h  
t h e  o t h e r  f l u o r s p a r  s l a g s  exam ined, w ide  v a r i a t i o n s .
A f t e r  s u b t r a c t i n g  from  t o t a l  s o l u b l e  CaO t h a t  r e q u i r e d  by 
p2 ° 5  f i £u r e  t o  g iv e  p h o sp h a te  a s  a p a t i t e ,  t h e  r e m a in in g  CaO 
g i v e s  t h e  f o l l o w in g  r a t i o s  w i t h  S102 .
S o l u t i o n  1 , 2 .0  : S o l .  2 ,  1 .8  : 1 .8  * 5> 1 .8* 6 ,  1 .8  :
7 » 1.8 : 8 , 1.9 .
I n d i c a t i n g  t h e  p r e s e n c e  o f  d l c a lc i u m  s i l i c a t e .
The above r a t i o s  a r e  s l i g h t l y  h i g h e r  t h a n  t h o s e  o b ta in e d  
w i t h  Acklam B a l l  Slag> Sample A, due  t o  t h e  f a c t  t h a t  
io s i l i c a  c o n ta in e d  I n  t h i s  sam ple  I s  14 , t h a t  o f  sam ple  A 
i s  15 .
C om parison  o f  S o l u b i l i t y  o f  Acklam B a l l  S l a g s .
The p e r c e n ta g e  s o l u b i l i t y  f i g u r e s  f o r  "CaO"* "P2 % *  and Wsi02 "  
w i t h  sam ple  A a r e  i n  e v e ry  c a s e  low er t h a n  t h o s e  o b ta in e d  
w i t h  sam ple C. The "CaOn * and c o n t e n t s  o f
t h e  sam p les  a r e  p r a c t i c a l l y  t h e  same.
^  CaO % P2 05 #  S102
(A) 4 6 .0 1  1 7 .5 4  1 5 .0 0
(B) 4 5 .7 5  1 8 .0 4  1 4 .0 0
The m ost o u t s t a n d i n g  d i f f e r e n c e  b e tw een  t h e  two sam p les  i s
i n  t e x t u r e ,  a s  n o te d  i n  m ic ro sco p ic  e x a m in a t io n .  To t h i s  t h e  
d i f f e r e n c e  i s  s o l u b i l i t y  i s  a t t r i b u t e d .
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M ain c o n c l u s i o n s  t h a t  have b e en  form ed a r e
1 .  T hat no o u t s t a n d in g  c o n c e n t r a t i o n  o f  t h e  c h i e f
c o n s t i t u e n t s  and "CaO" o f  b a s i c  s l a g s ,
1 . N o n - f l u o r s p a r ,  2 . f l u o r s p a r ,  i s  o b ta in e d  on 
s e p a r a t i o n  of s l a g s ,  ground  a s  f o r  f e r t i l i s e r  u s e ,  
i n t o  5 f r a c t i o n s a c c o r d i n g  t o  p a r t i c l e  s i z e .
2 # S o l u b i l i t y  o f  t h e  p r e s e n t  i n  b a s i c  s l a g s  i n  2$
o x a l i c  a c i d ,  u n d e r  c o n d i t i o n s  o f o f f i c i a l  c i t r i c  a c i d  
s o l u b i l i t y  t e s t ,  i n c r e a s e s  w i t h  f i n e n e s s  of g r i n d i n g  
t o  a much g r e a t e r  e x t e n t  t h a n  t h a t  shown w i t h  2$  c i t r i c  
a c i d .
3 .  T ha t t h e  p h o sp h a te  p r e s e n t  i n  f l u o r s p a r  s l a g s  i s  s o l u b l e  
i n  256 c i t r i c  a c i d  on r e p e a t e d  e x t r a c t i o n ,  a s  shown by
G. 3 ,  R o b e r ts o n  ( 7 ) .
4 .  T ha t t h e  d i f f e r e n c e s  i n  c i t r i c  a c i d  s o l u b l e  and t o t a l  
p h o s p h a te  c o n te n t  n o te d  by S u l lw a ld  (13) i n  sam p les  
t a k e n  from  d i f f e r e n t  p o i n t s  o f  t h e  s l a g  b a l l  w i t h  
Thomas s l a g  a r e  n o t  a p p a r e n t  i n  f l u o r s p a r  open h e a r t h  
s l a g s .  No i n c r e a s e  i n  t o t a l  p h o sp h a te  c o n te n t  i s  n o te d :  
i n c r e a s e  i n  c i t r i c  a c id  s o l u b l e  "P2 0 5 W w i t h  sa m p le s  t a k e n  
f ro m  t h e  c e n t r e  a s  compared w i t h  t h o s e  fro m  t h e  o u t s i d e  
o f  t h e  b a l l  i s  due t o  d i f f e r e n c e  i n  p h y s i c a l  s t a t e  o f  
t h e  com ponents o f  t h e  sa m p le s .
T hat t h e  p h o s p h a t ic  c o n s t i t u e n t  o f f l u o r s p a r  s l a g s ,  
a l t h o u g h  t h e  a d d i t i o n s  o f  f l u o r s p a r  d u r in g
I
d e p h o s p h o r i s a t i o n  o f  t h e  s t e e l  have b e en  r e d u c e d ,  
i s  a p a t i t e .
T hat t h e  v a lu e  o f  f l u o r s p a r  s l a g s  i n  n e u t r a l i s i n g  
a c i d i t y  i s  g r e a t e r  t h a n  t h a t  o f  a  n o n - f l u o r s p a r  s l a g :  
t h i s  p r o p e r t y  a f f e c t s  t h e  s o l u b i l i t y  o f t h e  p h o s p h o r ic  
o x id e  p r e s e n t  i n  s l a g s ,  a s  m easured  by t h e  " c i t r i c  a c id  
t e s t " ,  t h e  e m p i r i c a l  n a t u r e  o f  w h ic h  h a s  b e e n  d e m o n s tra te d .
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P a r t  I I ,
S t u d i e s  I n  t h e  Uses o f  B a s ic  S l a g s .
I n t r o d u c t i o n ,
T i l l s  s e c t i o n  d e a l s  w i t h  t h e  u s e s  o f modern b a s i c  s l a g s  a s  
f e r t i l i s e r s .
B a s ic  s l a g s  a r e  u s u a l l y  c l a s s e d  a s  p h o s p h a t ic  f e r t i l i s e r s ,  
and a r e  g ra d e d  a c c o rd in g  t o  a l t h o u g h  t h e
o t h e r  c o n s t i t u e n t s ,  e s p e c i a l l y  c a lc iu m  (6 ) ( 1 0 ) have b e e n  
shown t o  be o f  v a l u e .
I t  i s  now known t h a t  t h e  f e e d i n g  v a lu e  o f  g r a s s  and o t h e r  
c r o p s  i s  l a r g e l y  bound up w i t h  t h e i r  c o n te n t  o f  m i n e r a l s ,  
e s p e c i a l l y  o f  p h o sp h o r ic  a c i d  and l im e .  T here  i s  e v id e n c e  
( 1 6 ) t o  show t h a t  b a s l e  s l a g s  i n  common w i t h  o t h e r  p h o s p h a t ic  
f e r t i l i s e r s  a f f e c t  t h e  p e rc e n ta g e  of t h e s e  and o t h e r  
c o n s t i t u e n t s  i n  t h e  c r o p s .
The o b j e c t  o f  t h e  f o l lo w in g  work was t o  p r o v id e  f u r t h e r  
e v id e n c e  o f  t h i s  e f f e c t  and t o  o b t a i n  a  co m p a r iso n  o f  t h e  
f e r t i l i s e r  v a lu e  o f  tw o b a s l e  open h e a r t h  s l a g s  o f  t h e  same 
g ra d e  b u t  o f  d i f f e r e n t  c i t r i c  a c id  s o l u b i l i t y  w i t h  r e f e r e n c e  
t o  t h e  "PgOg" p r e s e n t  i n  t h e  s l a g s ,  u n d e r  t h e  s o i l  and 
c l i m a t i c  c o n d i t i o n s  o f  S o u th  A y r s h i r e .
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P r e v i o u s  l i t e r a t u r e .
A l th o u g h  s i n c e  1884, when W right son and Munro showed t h a t  
b a s i c  s l a g  was of u se  a s  a  f e r t i l i s e r ,  a  g r e a t  number o f  
e x p e r im e n t s  ( s e e  G .S . R o b e r ts o n  -  B a s ic  S la g s  and Rock 
P h o s p h a t e s ,  Camb. U n iv . P r e s s  1922; J o u r .  M in. A g r ic .
N. I r e l a n d  1927* l j  R e p o r ts  o f  Perm anent Committee on B a s ic  
S l a g ,  M i n i s t r y  o f A g r i c u l t u r e  and F i s h e r i e s  1921-1932 ,
N o s . 1 -  10*, and A r t i f i c i a l  F e r t i l i s e r s ,  B u l l e t i n  No. 28 
M in . o f  A g r i c u l t u r e )  have b e e n  c a r r i e d  ou t t o  d e m o n s t r a t e ,  
e v a l u a t e  and eompare t h e  v a lu e s  o f s l a g s  o f  d i f f e r e n t  
p r o p e r t i e s ,  l i t t l e  a t t e n t i o n  h a s  b e e n  p a i d ,  u n t i l  r e c e n t l y ,  
t o  t h e  e f f e c t  of a p p l i c a t i o n s  o f  t h e s e  on t h e  v a r i o u s  
c o n s t i t u e n t s  i n  c r o p s .
W. Godden ( J .  A gr. S c i .  1926, JL6 , 98) i n  an  i n v e s t i g a t i o n  
on t h e  m in e r a l  c o n te n t  o f  p a s t u r e  g r a s s  fo u n d ,  on t y p i c a l  
m o o rlan d  p a s t u r e ,  t h a t  a p p l i c a t i o n  o f  b a s i c  s l a g  r e s u l t e d  
i n  a m arked i n c r e a s e  i n  t h e  p e rc e n ta g e  p h o sp h o ru s  and a r i s e  
i n  t h e  n i t r o g e n  c o n te n t  o f t h e  h e rb a g e ,  i n  a sam ple t a k e n  
a b o u t  e i g h t  m onths a f t e r  t r e a t m e n t .  He a l s o  showed t h a t  
f o r  two a d j a c e n t  f i e l d s  i n  A b e rd e e n s h i r e ,  on s i m i l a r  s o i l ,  
a p p l i c a t i o n  of s l a g ,  f o l l o w in g  t h a t  o f  w a s te  l im e  t o  t h e  
p r e v i o u s  c r o p , t o  one o f  t h e  f i e l d s  r e s u l t e d  i n  a  m arked 
r i s e  i n  p e r c e n t a g e s  o f  s i l i c a  f r e e  a s h ,  o f  e a c h  a s h
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c o n s t i t u e n t ,  and of n i t r o g e n ,  and a marked d ro p  i n  t h e  
p e r c e n t a g e  of f i b r e  i n  t h e  d ry  m a t t e r  o f  t h e  h e rb a g e ,  i n  
sa m p le s  c o l l e c t e d  s i x  y e a r s  a f t e r  t h e  l a s t  a p p l i c a t i o n  o f  
s l a g  t o  t h e  t r e a t e d  f i e l d .  The o th e r  f i e l d  had b e e n  sown 
f o r  f o u r t e e n  y e a r s  and had r e c e iv e d  no f e r t i l i s e r  t r e a t m e n t .
I n  1929 (Perm anent C om m ittee’ s r e p o r t  1930 No. 8) a 
p r e l i m i n a r y  ex p e r im e n t  a t  R otham sted  on g r a s s l a n d  r e p e a t e d l y  
mown a t  d i f f e r e n t  i n t e r v a l s  th ro u g h o u t  t h e  s e a s o n ,  showed 
s m a l l  i n c r e a s e s  due t o  s l a g  t r e a tm e n t  b u t  d e m o n s tr a te d  t h a t  
more p h o s p h o r ic  a c i d  was t a k e n  up by t h e  c ro p  w i t h  t h e  more 
s o l u b l e  p h o s p h a t ic  f e r t i l i s e r s .
D e t a i l e d  a n a l y s e s  o f t h e  y i e l d s  o f g r a s s  and u p ta k e  o f  
p h o s p h o r ic  a c i d  were a l s o  g iv e n  f o r  f o u r  y e a r s  c o n t in u e d  
e x p e r i m e n t a t io n  on meadow la n d  a t  two c e n t r e s .  On a 
c a l c a r e o u s  s o i l  i n  N o r fo lk  t h e  mean r a t i o s  i n  y i e l d  o v e r  
f o u r  y e a r s  w ere a p p ro x im a te ly  i n  t h e  r a t i o s  1 : 2 : 3  f o r  
low , medium and h i g h e r  s o l u b l e  s l a g s .  On an  a c i d  s o i l  i n  
S om erse t  t h e r e  was a  much s m a l l e r  r e s p o n s e ,  and t h e  
d i f f e r e n c e s  w ere  t o o  s m a l l  t o  be  r e g a r d e d  a s  w e l l  e s t a b l i s h e d .  
At b o t h  c e n t r e s  t h e  P2 O5 c o n t e n t s  o f  t h e  hay w ere  i n c r e a s e d  
by  more t h a n  one h a l f ,  by t h e  two more s o l u b l e  s l a g s .  I t  
was f u r t h e r  n o te d  " t h a t  w h e th e r  o r  n o t  t h e  g r e a t e r  u p ta k e  
o f  PgOg i s  accom panied  by g r e a t e r  d ry  m a t t e r  p e r  a c r e  i t  i s
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c l e a r  t h a t  su ch  i n c r e a s e d  p h o sp h o r ic  a c id  c o n t e n t s  o f  t h e  
t o t a l  h e rb a g e  may w e l l  have im p o r ta n t  e f f e c t s  on t h e  n u t r i t i v e  
v a l u e  e s p e c i a l l y  a s  o t h e r  m in e r a l  e le m e n ts  may w e l l  be  
e x p e c te d  t o  show t h e  same e f f e c t s 1' .
E x p e r im e n ts  a l s o  showed t h a t  t h e  d i f f e r e n c e  b e tw ee n  medium
ii
s o l u b l e  and h ig h  s o l u b l e  s l a g s  was l e s s  t h a n  t h a t  i n d i c a t e d
by  t h e  c i t r i c  a c id  s o l u b i l i t y ,  and a p p e a re d  t o  v a ry  w i t h  t h e
t y p e  o f  s o i l .  R e s u l t s  o f  a p r e l i m i n a r y  s e r i e s  o f  p o t
e x p e r im e n ts  i n d i c a t e d  t h a t  b a s i c  s l a g  was a b o u t  a s  e f f e c t i v e
a s  an  e q u a l  w e ig h t  o f  CaCO^ f o r  l im in g  p u r p o s e s .  The d i f f i c u l t }
of d i s c r i m i n a t i n g  b e tw ee n  t h e  d i r e c t  n u t r i t i o n a l  e f f e c t  o f  t h e
p h o s p h o r ic  a c i d  and t h e  i n d i r e c t  e f f e c t  due to  th e  b a s i c  
m a t e r i a l  s u p p l i e d  in  th e  s l a g  was a l s o  n o t e d .
P erm anent C o m m it te e 's  r e p o r t  No. 9 , 1931 . R e s u l t s  o f  
p h o s p h a t ic  f e r t i l i s e r  t r i a l s  on meadow hay w ere  g iv e n .  They 
showed t h a t  su p e rp h o s p h a te  n o t  o n ly  i n c r e a s e d  t h e  y i e l d  b u t  
m ark e d ly  i n c r e a s e d  t h e  p e rc e n ta g e  o f  n i t r o g e n  i n  t h e  h e r b a g e .
At one c e n t r e  s u p e rp h o sp h a te  a c t u a l l y  d o u b le d  t h e  amount o f 
p r o t e i n  p e r  a c r e ,  and t h e  b e n e f i t  f ro m  p h o s p h a te  was t h e r e f o r e  
much g r e a t e r  t h a n  t h a t  s u g g e s te d  by t h e  y i e l d  f i g u r e s  a l o n e .
The g a in  i n  p r o t e i n  form ed so  l a r g e  a f r a c t i o n  o f  t h e  t o t a l  
g a i n  i n  d r y  m a t t e r  t h a t  t h e  c ro p  g a in e d  by t h e  u se  o f  
p h o s p h a te s  was much r i c h e r  t h a n  o r d i n a r y  h a y ,  and a p p ro a c h e d
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t h e  c o m p o s it io n  o f a c o n c e n tr a te d  f e e d in g  s t u f f .  At o th e r  
c e n t r e s  t h e  re s p o n s e s  i n  y i e l d  w ere s m a l le r  b u t  th e  p h o sp h o r ic  
o x id e  c o n te n t  o f  th e  hay was a p p re c ia b ly  in c r e a s e d  by h ig h  
s o l u b l e  s l a g .  The p h o sp h o r ic  a c id  p e rc e n ta g e s  i n  th e  d ry  
m a t t e r  and th e  t o t a l  p h o sp h o r ic  a c id  i n  th e  c ro p  p e r  a c re  
p ro v e d  t o  be  good c r i t e r i a  f o r  d i s t i n g u i s h i n g  b e tw ee n  th e  
a v a i l e b i l i t y  o f th e  d i f f e r e n t  p h o s p h a te s ,  even  w here  th e y  
gav e  s u b s t a n t i a l l y  e q u a l y i e l d s  o f h a y . A verage f i g u r e s  
o f  y i e l d  o f  d ry  m a t t e r ,  p r o t e i n  and p h o sp h o r ic  a c id  showed 
t h a t  h ig h  s o lu b le  s l a g  was h a l f  a s  e f f e c t i v e  a s  s u p e rp h o s p h a te ,  
low s o lu b le  s l a g  h a l f  a s  e f f e c t i v e  a s  h ig h  s o lu b le  s l a g ,  and 
m in e r a l  p h o sp h a te  s t i l l  l e s s  e f f e c t i v e .
I n  a r e p e a te d ly  mown e x p e rim e n t a t  C ock le  P a rk  on 
v e ry  p o o r g r a s s la n d  h ig h  s o lu b le  s l a g  (1 4 .9256 c i - t r i c
s o l u b i l i t y  9 6 .5 $ )  gave h ig h e r  P2 O5 c o n te n t  o f t h e  c ro p  th a n  
low s o lu b le  s l a g  (1 5 .1 0 $  P2 0 5 » c i t r i c  s o l u b i l i t y  23$ ) .  The 
s l a g  d r e s s in g s  w ere  g iv e n  a t  r a t e s  e q u iv a le n t  t o  112 l b .  P^O.-
d  D
p e r  a c r e .
(P e rm an en t C o m m itte e 's  r e p o r t  1 9 3 2 ). I n  th e  f i r s t  y e a r  o f 
a  hay e x p e rim e n t n e a r  N o r t h a l l e r t o n ,  Y o rk s h ir e ,  m arked 
r e s p o n s e s  t o  t h e  f e r t i l i s e r s  w ere o b ta in e d .  S u p e rp h o sp h a te  
and h ig h  s o lu b le  s l a g  in c r e a s e d  th e  d ry  m a t te r  y i e l d  by  a lm o s t 
o n e - h a l f ,  and low s o lu b le  s l a g  by o n e - f i f t h .  T h e re  w ere  s t i l l
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g r e a t e r  e f f e c t s  on t h e  p ro d u c t io n  o f p r o t e i n  p e r  a c re *  th e  
I n c r e a s e s  b e in g  su p e rp h o sp h a te  t h r e e - q u a r t e r s ,  h ig h  s o lu b le  
s l a g  tw o t h i r d s ,  and low s o lu b le  s l a g  o n e - q u a r te r .  
S u p e rp h o sp h a te  and h ig h  s o lu b le  s l a g  r a i s e d  th e  t  o t a l  P2 O5 o f 
t h e  h e rb a g e  p e r  u n i t  a r e a  from  tw o t o  th r e e  t im e s  t h a t  on th e  
unm anured la n d .  About o n e - te n th  o f th e  P2 O5 addeci Was 
r e c o v e re d  i n  th e  hay c ro p  o n ly  f i v e  m onths a f t e r  m an u rin g .
Of t h r e e  e x p e r im e n ts  on a r a b le  la n d  begun  i n  1931> w i th  
sw ed e s , t h e  o n ly  one show ing s i g n i f i c a n t  d i f f e r e n c e  i n  y i e l d  
w as a t  W elshpoo l w here h ig h  s o lu b le  s l a g  gave h ig h e r  y i e l d s  
th a n  no p h o s p h a te .  At th e  o th e r  tw o c e n t r e s  M oulton  and 
C u n d le , w here th e  p ro d u ce  was a n a ly s e d  no a p p r e c ia b le  
d i f f e r e n c e  i n  th e  PgOg c o n te n ts  o f t h e  sw edes was o b ta in e d .  
N a tu re  o f E x p e r im e n ts .
F i e ld  e x p e r im e n ts ,  d u r in g  s e a s o n s  1932 and 1933 have b e en  
c a r r i e d  o u t .
(1 )  E x p erim en t on g r a s s l a n d ,  mown a t  i n t e r v a l s  th ro u g h o u t  
t h e  s e a s o n , 1932 .
(2 )  E x p erim en t on a r a b l e  la n d  w i th  sw ed es, s e a s o n  1932 .
(3 )  E x p erim en t w i th  o a ts  fo l lo w in g  sw edes o f No. 2 ,  t o  t e s t  
r e s i d u a l  v a lu e s  o f  t h e  s l a g s ,  1 9 3 3 .
F i e ld  E x p erim en t S la g s .
The same tw o s l a g s  w ere  u se d  i n  t h e  e x p e r im e n ts .  T hese  s l a g s  
w ere  s u p p l ie d  a s  b e in g  o f  t h e  same g ra d e  b u t o f  d i f f e r e n t
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s o l u b i l i t y  i n  c i t r i c  a c i d ,  one h ig h  s o lu b le  w i th  r e f e r e n c e  
t o  Pre s e n ^ ( h e r e a f t e r  r e f e r r e d  t o  a s  S la g  H ) , th e
o t h e r  low s o lu b le  (S la g  L .)
The c h e m ic a l c o m p o s itio n  and c i t r i c  a c id  s o l u b i l i t y  w ere 
d e te rm in e d .  The r e s u l t s  a r e  g iv e n  i n  t h e  fo l lo w in g  t a b l e s  
N o s . 39 and 4 0 .
T a b le  No. 3 9 * C hem ical c o m p o s itio n  o f F i e ld  E x p erim en t S la g s .
CaO
MgO
S la g  H.
  -----  MnO
(H) (L)
$> P 2 ° 5 1 4 .8 9 1 5 .6 5
5i CaO 4 6 .9 0 3 2 .4 2
jt sio2 1 0 .3 8 1 3 .4 8
i  MgO 0 .8 2 5 .6 7
$  PeO 5 .3 4 1 5 .2 0
1° Pe2 °5 5 .6 5 4 .0 9
<$> MnO 4 .5 8 6 .5 3
t  a i 2 03 3 .3 3 3 .7 5
fo rm u la e c a l c u l a t e d  from  above a r e
.837  ) 
)
.2 1 9 Pe2 03 .0354 ) S ip 2 .
/
.0646  ) A ^O ^ .0327 ) p2 °5  •
.0743  )
.057  •
S i02 • 144
i . e .  RO j  RgO^ P2 05 .088
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CaO .578  )
)
MgO .141 ) Fe2 05 .0256 ) 3102 .223
S la g  L } ^ )
 MnO .0921 ) A L O - .0368  ) P 0 .110
) d 3 2  5
FeO .2115  )
^ <S10o .218
i . e .  RO : IUOb .061 s( d
( P2 °5  - 108
T a b le  No. 4 0 . 2#  C i t r i c  a c id  s o l u b i l i t y  ( o f f i c i a l  m ethod)
o f  F i e ld  E x p erim en t S la g s .
S l a g .  H. L .
R e d u c tio n  o f  a c i d i t y  
by  5 gm. o f  s l a g  = 6 2 ,3  cc N. = 3 3 .1  cc N
S o lu b le  "P2 05 n 1 0 .6  7 .4
$ S o l u b i l i t y  "P2 05 " 7 1 .2  4 7 .2
$ S o lu b le  "CaO" 3 4 .5  1 9 .2
io S o l u b i l i t y  "CaO" 7 3 .5 5  5 9 .2 5
F i e l d  E x p erim en t No. 1 .
E x p e rim e n t on g r a s s l a n d ,  w i th  s e v e r a l  c u t t i n g s .
T h is  was a  sm a ll  s c a le  ex p e rim e n t i n  w h ich  th e  h e rb a g e  was 
rem oved by c u t t i n g  w i th  s h e a r s ,  d u r in g  d ry  w e a th e r ,  a t  
i n t e r v a l s  d u r in g  t h e  g row ing  se a so n  when th e  g r a s s  was i n  
a  s t a t e  s u i t a b l e  f o r  g r a z in g .  The r e s u l t s  m ust n e c e s s a r i l y  
b e  d i f f e r e n t  from  th o s e  o f  a n  a c t u a l  g r a z in g  t r i a l .  They 
m easu re  t h e  amount o f  h e rb a g e  p ro d u c e d , so  f a r  a s  u n ifo rm
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c u t t i n g  c o u ld  be  o b ta in e d  w i th  s h e a r s ,  and a r e  f r e e  from  th e  
c o m p l ic a t io n s  o f s e l e c t i v e  g r a z in g .
C e n tre  o f ex p e rim en t -  A u c h in c ru iv e , A y r s h ir e .
Form  -  The e x p e r im e n ta l  a r e a  was a r e c t a n g u l a r  s t r i p ,
2 y d .  x 26  y d . ,  d iv id e d  i n t o  13 sq u a re  p l o t s ,  e ac h  2 y d . x 2 yd. 
num bered and t r e a t e d  a s  shown i n  t h e  f o l lo w in g  p la n .
H L C H C L C 3 j  C L C H L
N o.2 3 4 5 6 7 8 . .  9 I jO _ .... 11 12 13 14
26  y d .
H -  d e n o te s  t r e a tm e n t  w i th  " h ig h  c i t r i c  s o lu b le "  s l a g .
L -  " " "low  " *
C -  u n t r e a t e d .
The s l a g s  w ere  a p p l ie d  on A p r i l  5 , 1932 , a t  t h e  r a t e  o f
630 gm. p e r  p l o t ,  i . e .  a t  t h e  r a t e  o f 15 c w t /a c r e .  The
h e rb a g e  a t  t h a t  t im e  w as o f o ld  n a t u r a l  g r a s s  w h ic h  so f a r
a s  c o u ld  be  a s c e r t a i n e d  had n o t r e c e iv e d  any m a n u r ia l
t r e a t m e n t .
E x a m in a tio n  o f S o i l  C o n d i t io n s .
Any a t te m p t  t o  com pare f e r t i l i s e r  v a lu e s  by means of f i e l d
e x p e r im e n ts  i s  n e c e s s a r i l y  In c o m p le te  i f  i t  d o e s  n o t t a k e
s o i l  c o n d i t io n s  i n t o  a c c o u n t .  A c c o rd in g ly , b e fo r e  t h e  s l a g s  
w ere  a p p l i e d ,  t h e  s o i l  w as sam pled  i n  a num ber o f p la c e s  i n
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t h e  u su a l  way, due reg ard  being  paid  t o  ensu ring  t h a t  th e
b u lk  sample was, as f a r  as  p o s s ib le ,  r e p r e s e n ta t i v e .  The
a n a l y t i c a l  r e s u l t s  a r e  t a b u l a t e d  i n  T a b le  No. 4 1 .
T a b le  No. 4 1 . A n a ly s is  o f  s o i l  sam ple fro m  p a s tu r e  p l o t s .
M e c h a n ic a l a n a ly s i s
C o a rse  sand 3 3 .9 4
F in e  Sand 4 5 .8 4
S i l t 6 .1 1
C lay 9 .1 4
M o is tu re 1 .4 0
L o ss  on s o l u t io n 1 .5 0
D if f e r e n c e 2 .3 3
C hem ica l a n a l y s i s i
L o ss  on i g n i t i o n 5 .8
P2 05 s o lu b le  i n  HC1 .082
p2 °5  s ° ln b le  i n  2 $  c i t r ic  acid .0113
PH (w a te r  s u s p e n s io n ) 5 .0 3
PH (CaClg s u s p e n s io n ) 4 .2 5
"Lime R eq u irem en t"
(H ardy and L ew is M ethod) .245  ;
(H u tc h is o n  and McLennan) .170  ;
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W eath e r c o n d i t io n s  d u r in g  e x p e r im e n t.
A lth o u g h  no a tte m p t i s  made i n  t h i s  w ork  t o  d i s c u s s  i n  d e t a i l  ! 
t h e  c o r r e l a t i o n  b e tw een  p r o d u c t i v i t y  and w e a th e r  c o n d i t i o n s ,  
d u e  a t t e n t i o n  was p a id  t o  k e e p in g  an  a cc o u n t o f th e  w e a th e r  
d a t a  d u r in g  th e  e x p e r im e n t . The r e a d in g s  w ere  t a k e n  a t  t h e  
M e te o r o lo g ic a l  S t a t i o n  A u c h ln c ru iv e , w i th in  a s h o r t  d i s t a n c e  
o f t h e  e x p e r im e n ta l  c e n t r e .
I n  th e  r e p o r t s ,  g iv e n  l a t e r ,  d ry  b u lb  and w et b u lb  
r e a d in g s  r e f e r  t o  th e rm o m e te rs  i n  s c r e e n  f o u r  f e e t  above t h e  
g ro u n d . S u n sh in e  i s  a s  re c o rd e d  by t h e  C a m p b e ll-S to k e s  
r e o o r d e r .
H e rb a g e .
C hem ica l c o m p o s it io n  and y i e l d s .
The h e rb a g e  c u t  fro m  e a c h  p l o t  was w eighed  a s  c u t . A sam ple 
o f  e a o h , a f t e r  c a r e f u l  oven d ry in g  a t  80*Cto g iv e  d ry  m a t t e r  
c o n t e n t ,  w as g round  t o  a f i n e  powder and exam ined q u a n t i t a t i v e ! ^
f o r  a s h ,  a s h  i n s o lu b le  i n  h y d r o c h lo r ic  a c id ,  a c id  s o lu b le  i n
h y d r o c h lo r ic  a c i d ,  CaO, KgO, Na, N, and *2^5 • R e s u l t s  o f  t h e s e  
a n a ly s e s  a r e  g iv e n  on t h e  d ry  m a t te r  b a s i s .
I t  w as n o t p o s s ib l e  by t h e  m ethods em ployed t o  c u t
t h e  h e rb a g e  i n  a  d ry  c o n d i t io n  ( t o  g iv e  c o m p a ra tiv e  d ry  m a t te r  , 
f i g u r e s )  and d e a l  w i th  th e  sa m p le s , f o r  d ry  m a t t e r  
d e te r m in a t io n ,  from  a l l  o f  t h e  p l o t s  i n  one day  so  t h a t
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v a r i a t i o n s  in  d a te s  of c u t t in g  and consequen tly  in  growing
p e r io d s  between c u ts  occur.
The r e s u l t s  o b ta in e d  f o r  t h e  h e rb a g e  c o l l e c t e d  from  
t h e  i n d iv i d u a l  p l o t s ,  t o g e t h e r  w i th  t h e  m e te o r o lo g ic a l  d a ta ,  
a r e  g iv e n  i n  one t a b l e ,  so  t h a t  s e a s o n a l  v a r i a t i o n s  i n  
c h e m ic a l  c o m p o s itio n  and p r o d u c t i v i t y ,  and r e l a t i o n  w i th  
w e a th e r  c o n d i t io n s  a r e  shown.
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Table  No. 42. Herbage com position and y i e l d s > w ith
m eteo ro lo g ica l  da t a P lo t  ’tfo. 2 ,
D a te  o f c u t t i n g .  $  Dry M a t te r  $  Ash % I n s o lu b le  Ash
6 / 5 /5 2  3 1 .7  8 .0 0  4 .0 8
2 7 /5 /3 2  2 4 .7  8 .1 9  2 .9 2
2 9 /6 /3 2  3 0 .7  8 .1 7  2 .3 1
4 /8 /3 2  2 3 .9  8 .7 9  2 .2 3
2 0 /9 /3 2 ______________ 2 4 .4 _________ 8 .2 0 ________ 2 .5 2 _______
Y ie ld  I n  gram s -  Dry M a tte r  Ash I n s o lu b le  Ash
1 s t  c u t  4 7 .3 1  3 .7 9  1 .9 3
2 nd o u t 9 9 .2 8  8 .1 3  2 .9 0
3 r d  o u t 1 1 5 .1  9 .4 0  2 .6 6
4 t h  c u t  1 8 8 .1  1 5 .9 2  4 .0 4
5 t h  c u t  3 0 0 .1  2 4 .6 0  7 .5 6
M e te o ro lo g ic a l  d a t a .  A v e ra g e .
No. o f d a y s . Dry B ulb
Prom a p p l i c a t i o n  o f s l a g s  t o  1s t c u t 31 4 5 .9
it 1s t  c u t  t o  2nd o u t 21 5 1 .6
»» 2 nd " " 3 rd If 33 5 8 .0
tt 3 rd  " " 4 th ft 36 5 9 .5
it 4 t h  " " 5 th tt 47 6 1 .1
1
j S la g  H.
$  S o lu b le  Ash $ CaO. i  k2 o. «jo Na. J6 N . 1° P2 °5
3 .9 2 .893 1 .0 3 .133 2 .1 7 .678
5 .2 8 .935 1 .9 3 .226 2 .4 8 .745
5 .8 6 1 .4 0 1 .7 5 .291 2 .4 5 .612
6 .5 6 1 .3 9 2 .0 7 .253 2 .8 0 .806
5 .68 1 .5 6 1 .7 3 .267 2 .4 9 .794
S o lu b le  Ash CaO KgO Na. N. P2 °5
1 .8 6 .422 .486 .0629 1 .0 3 .321
,5 .2 4 .9 2 8 1 .9 2 .223 2 .4 6 .740
6 .7 4 1 .6 1 2 2 .0 1 .335 2 .4 5 .705
1 1 .8 8 2 .5 1 1 3 .7 5 .458 5 .0 8 1 .4 7
1 7 .0 4 3 .4 6 5 .1 9 .800 7 .4 6 2 .3 8
T e m p e ra tu re s  eF . R a in f a l l Sunshine
Wet b u lb . G ra ss  M in. 1f t ,  i n  ground (In c h e s ) ( h o u r s )
4 2 .3 31 4 5 .7 2 .3 4 1 7 2 .2
4 7 .6 37 5 1 .4 2 .5 1 1 0 7 .2
5 2 .9 41 5e .2 1 .5 1 2 1 6 .9
5 5 .9 48 6 0 .3 4 .0 2 1 2 7 .9
5 5 .6 46 6 0 .0 5 .5 9 1 7 7 .4
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T a b le  No, 4 5 . H erbage c o m p o s itio n  and y i e l d s , w i th  m eteo ro log ica l
d a ta  P lo t  No f - l f
D a te  o f  c u t t i n g  $  Dry M a tte r % Ash $  I n s o lu b le  Ash
6 / 5 /3 2 3 2 .0 5 7 .5 9 4 .3 5
2 7 /5 /3 2 2 4 .0 5 7 .4 7 2 .2 7
2 9 /6 /3 2 3 4 .3 0 8 .2 0 2 .6 5
4 /8 /3 2 2 7 .8 5 8 .6 7 2 .5 9
2 0 /9 /3 2 2 7 .0 0 8 .2 5 3 .0 3
Y ie ld  i n  gram s - Dry M a tte r Ash I n s o lu b le  Ash
1s t  c u t 6 4 .3 4 .7 5 2 .eo
2 nd c u t 8 7 .5 6 .5 4 1 .9 9
3 rd  c u t 8 8 .8 7 .2 8 2 .3 5
4 t h  c u t 1 6 6 .5 1 4 .4 4 4 .3 1
5 t h  c u t 2 1 4 .7 1 7 .7 1 6 .5 1
M e te o ro lo g ic a l  d a ta A verage
No. o f d a y s .  Dry b u lb ,
Prom a p p l i c a t i o n  o f s l a g s  t o  1s t c u t  31 4 5 .9
" 1 s t  c u t  t o  2nd c u t 21 5 1 .6
" 2 nd " " 3 rd it 35 5 8 .0
" 3 rd  " " 4 th it 36 5 9 .5
ff 4 th  " " 5 th it 47 6 1 .1
S lag  L,
io S o lu b le  Ash io CaO i  KgO $  Na. i  n . $ P2 °5
3 .0 4 .982 1 .1 5 .145 2 .0 6 .692
5 .1 9 .956 2 .0 4 .258 2 .4 2 .837
5 .5 5 1 .2 4 2 1 .5 0 .235 2 .0 3 .567
6 .0 8 1 .213 1 .95 .230 2 .4 2 .729
5 .2 2 1 .048 1 .6 8 .238 2 .2 5 .807
S o lu b le  Ash CaO KgO Na. N. P2 °5
1 .9 5 .631 .740 .0932 1 .3 3 .631
4 .5 5 .837 1 .785 .226 2 .1 1 .837
4 .9 3 1 .104 1 .332 .209 1.80 1.104
1 0 .1 3 2 .0 1 9 3 .2 4 6 .383 4 .0 3 2 .0 1 9
1 1 .1 9 2 .2 5 3 .6 0 7 .510 4 .6 2 2 .2 5
T em p era tu re s *F R a in f a l l Sunshii
Wet bu lb*  G rass  Min. 1f t . i n  ground ( in c h e s) ( houri
4 2 .3 31 4 5 .7 2 .3 4 172.2
4 7 .6 37 5 1 .4 2 .5 1 107.2
5 2 .9 41 5 8 .2 1 .51 2 1 6 .9
5 5 .9 46 6 0 .3 4 .0 2 127 .9
5 5 ,6 46 6 0 .0 5 .5 9 1 7 7 .4
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T a b le  No. 4 4 . H erbage c o m p o s itio n  and y i e l d s , w i th
m e te o r o lo g ic a l  d a ta  P lo t  No. 4 .
D a te  o f  c u t t i n g  $  Dry M a tte r $  Ash $  I n s o lu b le  Ash
6 / 5 /3 2 3 2 .6 0 6 .0 0 3 .4 7
2 7 / 5 /3 2 2 4 .5 0 6 .4 7 1 .3 9
2 9 / 6 /3 2 29*10 7 .9 0 2 .3 3
4/ 8 /3 2 2 5 .8 5 7 .7 6 2 .0 1
2 0 / 9 /3 2 2 9 .8 0 7 .4 8 2 .4 7
Y ie ld  i n  gram s D ry m a t te r Ash I n s o lu b le  Ash
1 s t  c u t 1 1 3 .4 6 .8 1 3 .9 3
2nd c u t 6 6 .6 4 .3 1 .926
3 rd  c u t 1 1 4 .1 9 .0 1 2 .6 6
4 t h  c u t 1 5 1 .5 1 1 .7 5 3 .0 5
5 t h  c u t 1 9 1 .2 1 4 .2 9 4 .7 1
M e te o ro lo g ic a l d a ta A verage
No. o f d a y s .  Dry bulb-
Prom a p p l i c a t i o n  o f  s l a g s  t o  1 s t c u t 31 4 5 .9
* 1 s t  c u t  t o  2nd c u t 21  5 1 .6
■ 2nd # » 3 rd  n 33 5 8 .0
* 3 rd  * * 4 th  * 36 5 9 .5
■ 4 th  * " 5 th  w 47 6 1 .1
U n trea ted
$ S o lu b le  Ash $6 CaO $ 1^0 % Ha. . i  N. t  P2°5
2 .5 3 .508 .819  .098 1 .9 9 .480
5 .0 8 .846 1 .9 3  .310 2 .4 8 .600
5 .5 7 1 .172 1 .7 3  .260 2 .2 3 .526
5 .7 5 1 .028 1 .9 9  .243 2 .5 3 .532
5 .0 1 .800 1 .7 4  .239 2 .2 3 .547
S o lu b le  Ash CaO KgO Ha. N. P2°5
2 .8 7 .576 .929  .111 2 .2 5 .544
3 .3 9 .564 1 .2 e 5  .207 1 .6 5 .399
6 .3 6 1 .3 3 8 1 .9 7 3  .297 2 .5 5 .600
8 .7 0 1 .557 3 .0 1 5  .368 3 .8 4 .806
9 .5 8 1 .5 3 3 .3 2 6  .457 4 .2 6 1 .014
T em p era tu re s  %F R a in f a l l Sunshine
Wet b u lb - G rass  M in. 1 f t . i n  ground ( in c h e s ) (h o u rs)
4 2 .3 31 4 5 .7 2 .3 4 172 .2
4 7 .6 37 5 1 .4 2 .5 1 107.2
5 2 .9 41 5 8 .2 1 .51 2 1 6 .9
5 5 .9 48 6 0 .3 4 .0 2 127 .9
5 0 .9 46 6 0 .0 5 .5 9 177 .4
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T ab le  No. 45 , Herbage com position and y i e l d s > w ith
m e teo ro lo g ic a l  d a ta  P lo t  No. 5,
D a te  o f c u t t i n g i  Dry M a tte r i  Ash i  I n s o lu b le  Asl
6 /5 /3 2 3 2 .2 5 7 .7 6 4 .8 3
2 7 /5 /3 2 2 4 .3 5 7 .5 9 2 .5 0
2 9 /6 /3 2 2 9 .6 5 9 .2 6 3 .5 6
4 /8 /3 2 2 4 .0 5 8 .4 4 2 .1 3
2 0 /9 /3 2 2 2 .9 0 8 .7 3 3 .5 4
Y ie ld  i n  gram s - Dry M a tte r Ash I n s o lu b le  Ash
1 s t  c u t 6 8 .2 5 .3 0 3 .2 9
2nd  c u t 9 5 .0 7 .2 0 2 .3 7
3 rd  c u t 1 2 6 .6 1 1 .7 2 4 .5 1
4 t h  c u t 1 8 9 . e 1 6 .0 2 4 .0 4
5 t h  c u t 300 2 6 .1 8 1 0 .6 3
M e te o r o lo g ic a l  d a ta A verage
No. o f d a y s  Dry b u lb .
Prom a p p l i c a t i o n  o f s l a g s t o  1 s t  c u t 31 4 5 .9
IV 1 s t  c u t  t o  2nd c u t 21 5 1 .6
II 2nd " " 3 rd c u t 33 5 8 .0
i» 3 rd  " " 4 th c u t 36 5 9 .5
it 4 th  * " 5 th c u t 47 6 1 .1
i
i  S o lu b le  Ash ^ CaO i  KgO i  Na. i N. $ Pz 05
2 .9 3 .T ie .745 .0735 2 .0 0 .742
5 .0 9 1 .0 6 7 1 .92 .222 2 .4 2 .717
5 .7 0 1 .2 3 0 1 .6 1 .234 2 .1 6 .569
6 .3 1 1 .3 4 6 2 .0 9 .246 2 .7 3 .721
5 .1 8 1 .0 1 5 1 .6 9 .202 2 .3 4 .826
S o lu b le  Ash CaO KgO Na. N. P2°5
2 .0 0 .531 .508 .0501 1 .3 6 .506
4 .8 3 1 .014 1 .824 .211 2 .3 0 .681
7 .2 2 1 .5 6 7 2 .0 3 8 .296 2 .7 4 .720
1 1 .9 7 2 .5 5 5 3 .9 6 8 .467 5 .1 8 1 .370
1 5 .5 5 3 .0 4 5 5 .0 7 9 .606 7 .0 3 2 .4 7 8
T em p era tu re s  '*F. R a in f a l l Sunshim
Wet b u lb . G rass  Min . 1 f t .  in  ground ( In c h e s) ( houri
4 2 .3 31 , 4 5 .7 2 .3 4 172 .2
4 7 .6 37 5 1 .4 2 .5 1 107 .2
5 2 .9 41 5 8 .2 1 .51 2 1 6 .9
5 5 .9 48 6 0 .3 4 .0 2 1 2 7 .9
5 0 .9 46 6 0 .0 5 .5 9 177 .4
e No. 4 6 . H erbage
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c o m p o s itio n  and y i e l d s , w i th
m et e o r o lo g ic a l  d a ta  P lo t  No. 6 .
D a te  o f  c u t t i n g 96 Dry M a tte r 96 Ash $  I n s o lu b le  Ash
6 /5 /3 2 3 0 .4 0 6 .7 5 2 .7 5
2 7 /5 /3 2 2 5 .7 0 7 .6 6 2 .3 0
2 9 /6 /3 2 2 7 .9 0 8 .3 3 2 .5 2
4 /8 /3 2 2 5 .8 5 8 .4 2 2 .3 9
2 2 /9 /3 2 3 2 .1 5 3 .8 9 3 .4 7
Y ie ld  i n  gram s - Dry M a tte r Ash I n s o lu b le  Ash
1s t  c u t 7 5 .3 5 .U8 2 .0 7
2 nd c u t 1 0 9 .2 8 .3 6 2 .5 1
3 rd  c u t 1 0 6 .9 8 .9 1 2 .7 0
4 t h  o u t 1 4 4 .2 1 2 .1 4 3 .4 5
5 th  c u t 249*8 2 2 .2 1 8 .6 7
M e te o r o lo g ic a l  d a ta  A verage
No. o f d a y s . Dry b u lb .
Prom a p p l i c a t i o n  o f s l a g s  t o  1 s t c u t 31 4 5 .9
« 1 s t  c u t  t o  2nd c u t 21 5 1 .6
IV 2nd c u t  t o  3 rd c u t 33 5 8 .0
IV 3 rd  c u t  t o  4 th c u t 36 5 9 .5
II 4 th  c u t  t o  5 th c u t 49 6 0 .5
U n tre a te d .
$  S o lu b le  Ash $ CaO * * 2 ° i  Na. i  N. * P2 °5
4 .0 0 .6 6 7 1 .51 .0859 2 .1 3 .525
5 .3 6 .765 2 .3 5 .238 2 .4 6 .556
5 .8 1 1 .123 1 .5 7 .263 2 .0 3 .490
6 .0 3 .982 2 .2 5 .246 2 .3 7 .610
5 .4 2 .800 1 .75 .211 2 .3 8 .574
S o lu b le  Ash CaO V Na.
N. ?2 °5
3 .0 1 .502 1 .1 4 .0647 1 .60 .395
5 .8 5 .836 2 .5 7 .260 2 .6 9 .607
6 .2 1 1 .200 1 .6 7 .281 2 .1 7 .524
8 .6 9 1 .4 1 6 3 .2 5 .355 3 .4 2 .880
1 3 .5 5 1 .9 9 8 4 .3 7 .526 5 .9 5 1 .434
T e m p e ra tu re s  4F R a in f a l l Sunshln<
N et b u lb . G rass  M in. 1 f t . i n  ground ( in c h e s )  (hour*
4 2 .3 31 4 5 .7 2 .3 4 172.2
4 7 .6 37 5 1 .4 2 .5 1 107.2
5 2 .9 41 5 8 .2 1 .5 1 2 1 6 .9
5 5 .9 48 6 0 .3 4 .0 2 1 2 7 .9
55 4 5 .1 5 9 .8 5 .6 1 1 9 2 .7
-  1U4 -
T ab le  No. 47. Herbage com position and y i e l d s ,  w ith
m e te o ro lo g ic a l  d a ta  P lo t  Ho. 7 .
D a te  o f c u t t i n g $  Dry M a tte r #  Ash $  I n s o lu b le  Ash
6 / 5 /3 2 3 3 .2 8 .3 9 4 .3 3
2 7 /5 /3 2 2 5 .0 5 7 .7 2 2 .5 0
7 /7 /3 2 3 0 .4 5 9 .3 9 2 .9 1
1 3 /8 /3 2 2 7 .0 0 9 .2 2 2 .6 4
2 2 /9 /3 2 2 7 .6 5 9 .6 8 4 .0 2
Y ie ld  i n  gram s Dry M a tte r Ash I n s o lu b le  Ash
1 s t  c u t 1 1 6 .5 9 .7 7 5 .0 4
2 nd c u t 1 3 7 .8 1 0 .6 4 3 .4 4
3 rd  c u t 1 4 5 .2 1 3 .6 3 4 .2 2
4 th  c u t 2 9 8 .4 2 7 .5 2 7 .8 8
5 t h  c u t 2 6 1 .4 2 5 .3 0 10 .51
M e te o r o lo g ic a l  d a t a . A verage
No. o f d a y s  Dry B u lb .
Prom a p p l i c a t i o n  o f s l a g s  t o  1 s t c u t 31 4 5 .9
" 1s t  c u t  t o  2 nd c u t 21 5 1 .6
n 2 nd " • 3 rd tt 41 5 7 .1
" 3 rd  " ■ 4 th tt 37 6 0 .0
* 4 t h  ■ * 5 th tt 40 6 0 .1
S lag  h .
f  S o lu b le  Ash <f> CaO f  K^O f  Na. $  N. ^  P2 05
4 .0 6  .924  1 .0 4 6  .0 9 9  1 .9 4  .717
5 .2 2  . 939 1 .9 5  .216  2 .4 9  . 753
6 .4 8  1 .4 0 0  1 .7 0  .2 6 8  2 .5 9  . 722
6 .5 8  1 .3 5 0  2 .0 8  .261  2 .7 8  .814
5 .6 6  1 .1 3 9  1 .6 8  .2 2 8  2 .6 8  . 881
S o lu b le  Ash CaO K^O N a. N. P2 0g
4 .7 3  1 .0 8  1 .2 2  .115  2 .2 6  .835
7 .2 0  1 .2 9  2 .6 9  .298  3 .4 3  1 .039
9 .4 2  2 .0 3  2 .4 7  .388  3 .7 6  1 .048
1 9 .6 4  4 .0 4  6 .2 0  .776  8 .2 8  2 .4 3
1 4 .7 9  2 .9 8  4 .3 8  .595  7 .0 1  2 .3 0
T e m p e ra tu re s  *F R a in f a l l  S unsh ine
Wet b u lb . B ra ss  M in. 1 f t .  I n  ground ( In c h e s )  (h o u rs)
4 2 .3  31 4 5 .7  2 .3 4  172 .2
4 7 .6  37 5 1 .4  2 .5 1  107 .2
5 2 .1  43 5 7 .1  2 .5 8  2 4 3 .9
5 6 .5  49 6 0 .7  3 .6 6  1 2 7 .9
5 4 .2  44 5 9 .4  5 .1 0  1 65 .7
-  105 -
T ab le  No. 48, Herbage com position and y i e l d s ,  w ith
m e te o ro lo g ic a l  d a ta  P lo t  No, 8 ,
D a te  o f c u t t i n g  $  Dry M a tte r $  Ash $  I n s o lu b le  Ash
6 /5 /3 2 3 3 .1 6 .7 8 3 .5 3
2 7 /5 /3 2 2 3 .4 6 .5 5 1 .6 3
7 /7 /3 2 3 1 .3 8 .8 0 2 .7 9
1 3 /8 /3 2 2 7 .9 5 9 .4 6 3 .2 8
2 2 /9 /3 2 2 9 .6 2 9 .5 5 3 .8 5
Y ie ld  i n  gram s - Dry M a tte r Ash I n s o lu b le  Ash
1 s t  c u t 133.Q 9 .0 6 4 .7 1
2nd c u t 1 0 1 .4 6 .6 4 1 .6 5
3 rd  c u t 1 3 2 .3 1 1 .6 3 3 .7 0
4 th  c u t 1 5 4 .8 1 4 .6 5 5 .0 8
5 t h  c u t l 6 l . 6 1 5 .4 3 6 .2 2
M e te o r o lo g ic a l  d a ta A verage
No. o f d ay s  Dry b u lb
Prom a p p l i c a t i o n  o f s l a g s  t o  1 s t c u t 31 4 5 .9
** 1 s t  c u t  t o  2nd c u t 21 5 1 .6
* 2nd " " 3 rd n 41 5 7 .1
* 3 rd  * " 4 th it 37 6 0 .0
" 4 th  " * 5 th n 40 6 0 .1
U ntrea ted ,
$  S o lu b le  Ash /  CaO $ k2 o % Na. % n . * P2°:
3 .2 5 .538 1 .1 2 .107 1 .95 .574
4 .9 2 .829 2 .2 2 .263 2 .3 8 .670
6 .0 1 1 .2 0 5 1 .8 0 .238 2 .3 4 .571
6 .1 8 1.U57 2 .1 3 .242 2 .4 2 .610
5 .7 0 .850 1 .9 6 .216 2 .4 3 .651
S o lu b le  Ash CaO K^O Na. N. P2°5
4 .3 4 .720 1 .50 .143 2 .6 0 .687
4 .9 9 .840 2 .2 5 .267 2 .4 2 .681
7 .9 5 1 .5 9 4 2 .3 8 .315 3 .0 9 .755
9 .5 7 1 .6 3 6 3 .3 0 .375 3 .7 5 .944
9 .2 1 1 .3 7 4 3 .1 7 .349 3 .9 2 1.052
T e m p e ra tu re s °P R a in f a l l  Sunshine
Wet b u lb G rass  M in. 1 f t . in  ground ( in c h e s )  (h o u rs )
4 2 .3 31 4 5 .7 2 .3 4 172.2
4 7 .6 37 5 1 .4 2 .5 1 107.2
5 2 .1 43 5 7 .1 2 .5 8 2 4 3 .9
5 6 .5 49 6 0 .7 3 .6 6 127 .9
5 4 .2 44 5 9 .4 5 .10 1 6 5 .7
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Table No. 49# Herbage com position and y i e l d s ,  w ith
m e te o ro lo g ic a l  d a ta  P lo t  Ho, 9♦
D a te  o f  c u t t i n g <f> Dry M a tte r ^  Ash i  I n s o lu b le  As]
6 /5 /3 2 2 9 .5 0 7 .9 9 3 .8 9
3 0 /5 /3 2 2 4 .8 0 8 .3 1 2 .8 9
7 /7 /3 2 2 9 .0 0 9 .8 1 3 .6 2
1 3 /8 /3 2 22 .20 9 .4 9 2 .6 8
2 2 /9 /3 2 2 4 .9 7 1 0 .2 9 4 .4 4
Y ie ld  i n  grains - Dry m a t te r Ash I n s o lu b le  Ash
1 s t  c u t 103*5 8 .2 7 4 .0 3
2nd  c u t 1 9 4 .2 1 6 .1 4 5 .6 1
3 rd  c u t 1 3 2 .2 1 2 .9 6 4 .7 8
4 t h  c u t 2 4 2 .4 2 3 .0 1 6 .4 9
5 t h  o u t 2 7 3 .4 2 8 .1 1 1 2 .1 5
M e te o ro lo g ic a l  d a ta A verage
No. o f (la y s  Dry b u l b ,
Prom a p p l i c a t i o n  o f s l a g s  t o  1 s t c u t 31 4 5 .9
" 1 s t  c u t  t o  2nd c u t 24 5 1 .9
* 2nd " • 3 rd it 38 5 8 .8
■ 3 rd  " * 4 th « 37 6 0 .0
" 4 t h  " " 5 th * 40 6 0 .1
S la g  H.
i  S o lu b le  Ash i  CaO i  Na. . $ N. i  p2 o5
4 .1 0 .839 1 .3 3  .084 2 .2 2 .676
5 .4 2 1 .0 3 2 .2 4  .235 2 .4 6 .711
6 .1 9 1 .4 2 1 .6 6  .253 2 .4 5 .780
6 .8 2 1 .5 7 2 .0 4  .258 2 .8 3 .850
5 .8 4 1 .1 9 1 .6 8  .243 2 .6 7 .951
S o lu b le  Ash CaO KgO Na • N. P2 °5
4 .2 4 .869 1 .3 8  .087 2 .2 9 .70
10 .52 2 .0 0 4 .3 5  .456 4 .7 8 1.50
8 .1 8 1 .8 6 2 .2 0  .334 3 .2 4 1 .0 3
1 6 .5 2 3 .8 0 4 .9 4  .625 6 .8 5 2 .0 6
1 5 .9 7 3 .2 5 4 .5 9  .662 7 .2 9 2 .6 0
T em p e ra tu re s F R a in f a l l  Sunsh ine
Wet b u lb . G rass  M in. 1 f t . i n  ground ( in c h e s )  (h o u rs )
4 2 .3 31 4 5 .7 2 .3 4 172.2
4 8 .0 38 5 1 .7 2 .5 6 115 .7
5 3 .8 42 5 8 .9 2 .3 3 2 3 5 .4
5 6 .5 49 6 0 .7 3 .6 6 1 2 7 .9
5 4 .2 44 5 9 .4 5 .1 0 165 .7
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Table No. 50, Herbage com position and y i e l d s > w ith
D a te  o f c u t t i n g i  Dry M a tte r i  Ash i  I n s o lu b le  Ash
1 1 /5 /3 2 2 9 .2 5 6 .0 1 2 .3 2
3 0 /5 /3 2 2 2 .8 5 6 .8 3 1 .5 7
7 /7 /3 2 2 9 .8 0 9 .0 8 3 .4 1
13/ 8 /3 2 2 4 .3 5 9 .1 0 3 .5 0
2 2 /9 /3 2 2 6 .0 8 1 0 .3 4 4 .8 6
Y ie ld  I n  gram s - Dry M a tte r Ash I n s o lu b le  Ash
1 s t  c u t 124 7 .4 5 2 .8 8
2nd c u t 1 3 5 .3 9 .2 4 2 .1 2
3 rd  c u t 1 3 2 .9 1 2 .0 7 4 .5 3
4 th  c u t 2 1 3 .5 1 9 .4 2 7 .4 7
5 th  c u t 1 7 2 .4 1 7 .8 2 8 .3 8
M e te o r o lo g ic a l  d a ta A verage
No . o f  d a y s .D ry  b u lb .
Prom a p p l i c a t i o n  o f s l a g s  t o  1 s t* c u t 36  4 6 .1
* 1 s t  c u t  t o 2nd c u t 19 5 3 .1
n 2nd " " 3 rd «i 38  5 8 .8
" 3 rd  c u t  w 4 t h * 37  6 0 .0
" 4 th  * " 5 th n 40 6 0 .1
Unt r e a t  ed .
% S o lu b le Ash /  CaO i'H  o i  Na_ i  n . i  P2 0
3 .6 9 .672 1 .23 .0955 2 .0 7 .534
5 .2 6 .910 2 .0 5 .290 2 .3 2 .657
5 .6 8 1 .1 9 1 .5 7 .263 2 .3 8 .587
5 .6 0 .978 1 .8 4 .229 2 .4 4 .655
5 .4 8 .842 1 .81 .203 2 .5 3 .695
%
>«
:||f
S o lu b le  Ash CaO *2° Na. N. P2°:
4 .5 7
00 1 .5 3 . l ie 2 .5 7 .662
7 .1 2 1 .23 2 .7 7 .392 3 .1 3 .889
7 .5 4 1 .5 8 2 .0 9 .350 3 .1 6 .780
1 1 .95 2 .0 9 3 .9 3 .489 5 .2 1 1 .398
9 .4 4 1 .4 5 3 .1 2 .350 4 .3 7 1 .1 9 8
T e m p e ra tu re s *F R a in f a l l S u n sh ^
Wet b u lb . G rass  M in. 1 f t . i n  ground ( in c h e s ) (h o u n
4 2 .2 30 4 6 .1 2 .7 9 2 1 3 .8
4 9 .6 41 5 2 .5 2 .1 1 7 4 .1
5 3 .8 42 5 8 .9 2 .3 3 2 3 5 .4
5 6 .5 49 6 0 .7 3 .6 6 1 2 7 .9
5 4 .2 44 5 9 .4 5 .1 0 1 6 5 .7
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T able No. 51. Herbage com position and y i e l d s > w ith
m e te o ro lo g ic a l  d a ta  P lo t  Ho, 11.
D a te  o f  c u t t i n g 56 Dry M a tte r Ash 56 I n s o lu b le  Ash
1 1 /5 /3 2 2 7 .7 5 7 .5 6 3 .5 8
3 0 /5 /3 2 2 1 .5 5 8 .2  6 2 .8 0
7 /7 /3 2 2 9 .7 0 1 0 .1 1 3 .9 7
13/ 8 /3 2 2 0 .9 0 9 .8 9 3 .9 8
2 2 /9 /3 2 2 4 .0 0 1 0 .3 0 4 .7 5
Y ie ld  i n  gram s Dry M a tte r Ash I n s o lu b le  Ash
1 s t  c u t 2 0 6 .9 1 5 .3 9 7 .4 8
2nd c u t 1 5 8 .0 1 3 .0 5 4 .4 2
3 rd  c u t 1 4 5 .0 1 4 .6 5 5 .7 6
4 th  c u t 2 6 6 .7 2 6 .3 7 1 0 .6 1
5 th  c u t 2 1 5 .6 2 2 .2 0 1 0 .2 3
M e te o r o lo g ic a l  d a ta A verage
Ho. o f d a y s .  Dry b u lb
Prom a p p l i c a t i o n  o f s la g s  t o  1s t  c u t 36 4 6 .1
" 1s t  c u t  t o 2nd c u t 19 5 3 .1
" 2nd " " 3 rd  " 38 5 8 .8
• 3 rd  * • 4 th  " 37 6 0 .0
" 4 th  • " 5 th  " 40 6 0 .1
S lag  D.
$  S o lu b le  Ash 56 CaO i  *2 ° <f> Na. $ N. ^  P2 °5
3 .7 8 .793 .977 .1 2 9 2 .0 2 .658
5 .4 6 .939 1 .8 0 .321 2 .5 0 •791
6 .1 3 1 .3 5 4 1 .4 5 PCVI• 2 .3 9 .744
5 .9 1 1 .1 7 1 .6 9 .256 2 .4 9 .872
5 .5 5 1 .0 8 1 .6 2 .247 2 .5 4 .904
S o lu b le Ash CaO Na. N. P2 °5
7 .9 0 1 .6 6 2 .0 4 .269 4 .2 3 1 .3 8
6 .6 3 1 .4 9 2 .8 4 .507 3 .9 5 1 .2 5
6 .8 9 1 .9 6 2 .1 0 .405 3 .4 7 l . o e
1 5 .7 5 3 .1 1 4 .5 5
COVO• 6 .6 4 2 .3 3
1 1 .9 7 2 .3 3 3 .4 9 .533 5 .4 8 1 .9 5
T e m p e ra tu re s  °P R a in f a l l S unsh ine
Wet b u lb . G ra ss  M in. 1 f t .  i n  ground ( in c h e s ) ( h o u rs
4 2 .2 30 4 6 .1 2 .7 9 2 1 3 .8
4 9 .6 41 5 2 .5 2 .1 1 7 4 .1
5 3 .8 42 5 8 .9 2 .3 3 2 3 5 .4
5 6 .5 49 6 0 .7 3 .6 6 1 2 7 .9
5 4 .2 44 5 9 .4 5 .1 0 1 6 5 .7
-  109 -
T ab le  No, 5 2 . Herbage co m p osit io n  and y i e l d s ,  w ith
m e t e o r o lo g ic a l  data  P lo t  No.
D ate  o f c u t t i n g i  Dry M a tte r io Ash I n s o lu b le  Ash
1 1 /5 /3 2 3 0 .5 6 .1 5 2 .6 4
3 0 /5 /3 2 2 2 .8 5 7 .3 9 2 .6 1
7 /7 /3 2 2 9 .6 9 .5 8 3 .7 5
1 3 /8 /3 2 2 3 .0 0 9 .6 0 3 .7 4
2 2 /9 /3 2 2 5 .5 8 9 .5 1 4 .1 7
Y ie ld  i n  gram s -  Dry M a tte r Ash I n s o lu b le  Ash
1 s t  c u t 1 6 8 .4 1 0 .3 5 4 .4 5
2nd c u t 1 6 5 .0 1 2 .2 2 4 .3 2
3 rd  c u t 1 3 3 .2 1 2 .7 6 5 .0 0
4 th  c u t 1 8 4 .2 1 7 .6 9 6 .8 9
5 th  c u t 2 0 3 .3 1 9 .32 8 .4 8
M e te o ro lo g io a l  d a ta A verage
No. o f  d a y s .  Dry b u ll
Prom  a p p l i c a t i o n  o f s l a g s  t o  1 s t  c u t 36 4 6 .1
* 1 s t  c u t  t o 2nd c u t 19 5 3 .1
• 2nd c u t  t o  3 rd  c u t 38 5 8 .8
n 3 rd  c u t  t o 4 th  c u t 37 6 0 .0
n 4 th  c u t  t o 5 th  c u t 40 6 0 .1
U n tr e a te d .
i  S o lu b le  Ash i  CaO io KgO i  Na. i  N. ^  P2 °5
3 .5 0 .6 1 8 1 .2 3 .1 5 7 2 .0 2 .544
4 .7 8 .722 1 .8 8 .270 2 .4 6 .713
5 .8 3 1 .1 9 1 .5 8 .282 2 .3 3 .586  |
5 .8 6 1 .0 7 1 .8 5 .255 2 .5 3 .735
5 .3 4 .883 1 .7 7 .224 2 .4 1 .682
S o lu b le  Ash CaO V Na. N. P2 °5
5 .9 0 1 .0 4 2 .0 8 .265 3 .4 0 .916
7 .9 1 1 .2 0 3 .1 1 .447 4 .1 0 1 .1 8
7 .7 7 1 .5 9 2 .1 1 .376 3 .1 1 .781
10 .80 1 .9 8 3 .4 1 .470 4 .6 7 1 .3 5
1 0 .8 5 1 .8 0 3 .6 0 .456 4 .9 0 1 .3 9
T em p e ra tu re s R a in f a l l S unsh ine
Wet b u lb .  G rass  Min. 1 f t . i n  ground ( in c h e s ) (h o u rs )
4 2 .2 30 4 6 .1 2 .7 9 2 1 3 .8
4 9 .6 41 5 2 .5 2 .1 1 7 4 .1
5 3 .6 42 5 8 .9 2 .3 3 2 3 5 .4
5 6 .5 49 6 0 .7 3 .6 6 1 2 7 .9
5 4 .2 44 5 9 .4 5 .1 0 1 6 5 .7
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Table  No. 53. Herbage com position and y i e l d s ,  w ith
m e te o ro lo g ic a l  d a ta  P lo t  No, 13,
D a te  o f c u t t i n g % Dry M a tte r ^  Ash i  I n s o lu b le  Ash
1 1 /5 /3 2 3 0 .5 7 .4 3 3 .2 2
3 0 /5 /3 2 2 2 .6 5 8 .4 8 2 .7 6
7 /7 /3 2 2 7 .8 1 0 .0 3 3 .5 4
13/ 6 /3 2 1 9 .9 5 1 0 .5 9 3 .8 0 '
2 2 /9 /3 2 2 2 .6 9 .8 3 3 .9 1
Y ie ld  I n  gram s -  Dry M a tte r Ash I n s o lu b le  Ash
1 s t  c u t 1 7 8 .4 1 3 .2 8 5 .7  6
2nd c u t 1 8 6 .2 1 5 .7 9 5 .1 4
3 rd  c u t 1 3 2 .0 1 3 .2 4 4 .6 8
4 th  c u t 2 8 0 .6 2 9 .7 0 1 0 .6 7
5 t h  c u t 2 6 9 .6 2 6 .5 1 1 0 .5 4
M e te o ro lo g ic a l  d a ta A verage
No. o f  d a y s . Dry bi
Prom a p p l i c a t i o n  o f s l a g s  t o  1 s t  c u t 36 4 6 .1
n 1 s t  c u t  t o 2nd c u t 19 5 3 .1
• 2nd * " 3 rd  * 38 5 8 .8
" 3 rd  " " 4 th  " 37 6 0 .0
" 4 th  w * 5 th  " 40 6 0 .1
S la g  H.
S o lu b le  Ash $  CaO #  K j O i  Na. i  i . ^  P2°5
4 .2 1 .961 1 .0 6 .143 1 .9 9 .635
5 .7 1 1 .3 4 1 .8 8
£CM• 2 .5 3 .790
6 .4 9 1 .5 5 1 .6 9 .271 2 .3 6 .724
6 .7 8 1 .4 6 1 .9 2 .262 2 .7 2 .952
5 .9 2 1 .2 5 1 .7 2 .252 2 .6 3 .909
S o lu b le Ash CaO ^ 0 Na. N. P2 °5
7 .5 2 1 .7 2 1 .9 0 .255
inin• 1 .1 3
1 0 .6 4 2 .4 9 3 .5 0 .514 4 .7 0 1 .4 7
8 .5 7 2 .0 4 2 .2 3 .358 3 . U .956
1 9 .0 3 4 .0 9 5 .3 9 .735 7 .6 4 2 .6 7
1 5 .9 6 3 .3 6 4 .6 4 .679 7 .1 0 2 .4 5
T em p era tu re s  *F R a in f a l l Sunsh ine
Wet b u lb . G rass M in. 1 f t . in  ground ( in c h e s )  (h o u rs )
4 2 .2 30 4 6 .1 2 .7 9 2 1 3 .8
4 9 .6 41 5 2 .5 2 .1 1 7 4 .1
5 3 .8 42 5 8 .9 2 .3 3 2 3 5 .4
5 6 .5 49 6 0 .7 3 .6 6 1 2 7 .9
5 4 .2 44 5 9 .4 5 .1 0 1 6 5 .7
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Table No. 5 4 ,  Herbage com p osit ion  and y i e l d s ,  w ith
m e t e o r o lo g ic a l  data  P lo t  No. 1 4 ,
D ate  o f c u t t i n g  Dry M att e r  56 Ash $ I n s o lu b le  Ash
6 / 5 /3 2 3 0 .5 5 9 .1 6 4 .7 1
3 0 / 5 /3 2 2 1 .8U 8 .6 2 3 .4 5
7 / 7 /5 2 2 8 .0 0 9 .5 4 3 .3 8
13/ 8 /3 2 1 9 .0 0 9 .5 8 2 .6 6
2 2 / 9 /3 2 2 0 .3 7 1 0 .0 9 3 .6 9
Y ie ld  i n  gram s - Dry M a tte r  Ash I n s o lu b le  Ash
1 s t  c u t 1 2 9 .4 1 1 .8 5 6 .0 9
2nd c u t 1 9 8 .6 1 7 .1 1 6 .8 4
3 rd  c u t 1 3 5 .0 1 2 .8 7 5 .5 7
4 th  c u t 3 1 0 .7 2 9 .7 5 8 .2 8
5 th  c u t 3 0 0 .9 3 0 .3 5 1 1 .0 9
M e te o r o lo g ic a l  d a ta A verage
No. o f  d a y s  Dry bu]
From a p p l i c a t i o n  o f s l a g s  t o  1 s t  c u t 31 4 5 .9
• 1 s t  o u t t o  2nd c u t 24  5 1 .9
" 2nd * " 3 rd 11 38 5 8 .8
■ 3 rd  ■ * 4 th « 37  6 0 .0
■ 4 t h  * ■ 5 th 11 40 6 0 .1
S lag  L.
56 S o lu b le  Ash ft CaO i  KgO ft N a. i  N. . $ v2°
4 .4 5 1 .0 2 1 .0 6 .110 2 .0 4 *tor*•
5 .1 7 .9 6 9 1 .9 8 .241 2 .5 5 .7 8 7
6 .1 5 1 .3 6 1 .6 3 .263 2 .4 0 .706
6 .9 1 1 .5 0 1 .9 7
KV
VOCM• * .7 6 .905
6 .4 0 1 .3 0 1 .7 7 .253 2 .9 3 .813
S o lu b le  Ash CaO KgO Na. H. P2°5
5 .7 6 1 .3 2 1 .3 8 .142 2 .6 4 .98
1 0 .2 7 1 .9 2 3 .9 3 .479 5 .0 7 1 .5 6
6 .3 1 1 .6 4 2 .2 0 .355 3 .2 4 .95
2 1 .4 8 4 .6 6 6 .1 2 .817 8 .5 7 2 .8 1
1 9 .2 6 3 .9 1 5 .3 2 .760 8 .8 0 2 .4 5
T em p era tu re s #F . R a in f a l l S unsh ine
Wet bulb* G rass Min. 1 f t .  i n  ground ( in c h e s ) ( hou rs
/  O -Z. 31 4 5 .7 2 .3 4 172 .2
4 8 .0 38 5 1 .7 2 .5 6 1 1 5 .7
5 3 .8 42 5 8 .9 2 .3 3 2 3 5 .4
5 6 .5 49 6 0 .7 3 .6 6 1 2 7 .9
5 4 .2 44 5 9 .4 5 .1 0 1 6 5 .7
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A v erag e  Y ie ld s ,
A verage  y i e l d s  p e r  p l o t ,  a c c o rd in g  t o  t r e a tm e n t ,  have  b e e n  
c a l c u l a t e d .  T hese a r e  t a b u l a t e d  i n  T ab le  No. 5 5 .
T a b le  No, 5 5 . A verage y i e l d s ,  in  gram s p e r  p l o t .
S la g  H. S la g  Ij . U n tr e a te
F r e s h  h e rb a g e 3584 3680 2687
D ry M a tte r 883 9 1 2 .5 708
Ash 7B.6 8 2 .8 5 9 .7
I n s o l u b l e  Ash 2 8 .4 3 1 .1 2 2 .1
S o lu b le  Ash 5 0 .4 5 1 .7 3 7 .6
CaO 1 0 .8 1 0 .6 6 .5
k2 o 1 5 .5 1 5 .4 1 2 .8
N a. 2 .0 5 2 .1 4 1 .6 2
N. 2 1 .9 2 2 .7 1 7 .0
P2 °5 6 .9 8 7 .2 4 4 .3 7
T h ese  r e s u l t s  show t h a t  u n d e r  th e  c o n d i t io n s  o f  t h e  ex p e rim e n t 
a n  in c r e a s e d  y i e l d ,  f o r  t h e  c o n s t i t u e n t s  d e te rm in e d , h a s  b e e n  
o b ta in e d  i n  e v e ry  c a s e  by th e  a p p l i c a t i o n  o f th e  b a s ic  s l a g s .  
The in c r e a s e  o f  t h e  t r e a t e d  p l o t s  o v e r t h e  u n t r e a te d  from  th e  
a v e ra g e  y i e l d  f i g u r e s  a r e  g iv e n  in  T ab le  No. 56 a s  p e rc e n ta g e s  
o f  t h e  a v e ra g e  u n t r e a te d  p lo t  y i e l d .
-  113 -
T ab le  Bo. 56. Average In c rease  In  p ro d u c t iv i ty  due t o  s la g s .
S la g  H. S la g  L .
i *
F r e s h  c u t  h e rb a g e 3 3 .4 3 7 .0
D ry M a t te r 2 4 .7 2 8 .8
A sh 3 2 .0 3 6 .6
I n s o lu b le  Ash 2 8 .5 4 0 .7
S o lu b le  Ash 3 4 .0 3 7 .5
CaO 6 6 .2 6 3 .0
KgO 2 1 .1 2 0 .3
N a. 2 6 .6 3 2 .1
N. 2 8 .8 3 3 .5
P2 °5 5 9 .7 6 5 .6
D is c u s s io n  o f  R e s u l t s .
T h ese  r e s u l t s  show t h a t  w i th in  s i x  m onths o f t r e a tm e n t  u n d e r 
n o te d  c o n d i t io n s  b o th  s l a g s  have g iv e n  an  in c r e a s e d  y i e l d  o f 
h e rb a g e  a p p ro x im a te ly  o n e - th i r d  th e  y i e l d  o f t h e  u n t r e a te d  
p l o t .  W hile th e  l i m i t a t i o n s  o f su c h  an  e x p e rim en t and th e  
d i f f i c u l t y  o f i n t e r p r e t i n g  th e  r e s u l t  s^ w h ich  r e p r e s e n t  an  
e q u i l i b r iu m  s e t  up a s  a  r e s u l t  o f th e  d i f f e r e n t  a c t i o n s  o f 
t h e  s l a g s  on th e  v a r io u s  s p e c ie s  o f t h e  h e rb a g e , w h ich  may 
be  re g a rd e d  a s  a  m ix tu re  o f co m p e tin g  c r o p s ,  a r e  r e a l i s e d ,  
i t  w ould  a p p e a r  from  th e  r e s u l t s  o f t a b l e  No. 56 t h a t  t h e
tw o  s l a g s  i n  q u e s t io n  a re  p r a c t i c a l l y  o f  e q u a l  v a lu e .  Where 
t h e  f i g u r e  f o r  any o f t h e  c o n s t i t u e n t s  d e te rm in e d  e x ce ed s  
t h a t  f o r  f r e s h  c u t  h e rb a g e , i t  i n d i c a t e s  an  i n c r e a s e  o f  t h a t  
c o n s t i t u e n t  i n  th e  h e rb a g e ;  w here i t  i s  l e s s  i t  m eans t h a t  
no  in c r e a s e  h a s  b een  o b ta in e d  b u t  t h a t  th e  in c r e a s e d  y i e l d  
i s  due t o  g r e a t e r  g ro w th  b ro u g h t ab o u t by th e  f e r t i l i s e r  
t r e a t m e n t .  Thus s l a g  H has in c r e a s e d  th e  CaO, P^O^* and 
t o  a  v e ry  s l i g h t  e x te n t  th e  s o lu b le  a s  N. c o n te n t ,  w h i le  
s l a g  L h a s  I n c r e a s e d  th e  P2 ®3 > CaO, and t o  a  l e s s e r  e x te n t  
t h e  i n s o lu b le  a s h ,  t o t a l  a s h ,  and s o lu b le  a s h  c o n te n t .  The 
I n c r e a s e  i n  t h e  y i e l d  o f  th e  o th e r  c o n s t i t u e n t s  i s  due t o  
in c r e a s e d  g ro w th .
The c o m p a ra tiv e  e f f e c t i v e a e s s  o f t h e  s l a g s  a s  
f e r t i l i s e r s  i n  p ro v id in g  CaO and PgC^j a s  ju d g ed  by th e  
r e c o v e ry  v a lu e s ,  c a l c u l a t e d  from  th e  a v e ra g e  f i g u r e s  i s  
S la g  L CaO 2 # . P2 05 2 .9 1 #
S la g  H. CaO 1 .4 6 #  2 .7 0 # .
T h is  d o e s  n o t a g re e  w i th  th e  a v a i l a b i l i t y  a s  shown by c i t r i c  
s o l u b i l i t y  t e s t .  S im i la r  r e s u l t s  w i th  s l a g s  show ing s o - c a l l e d  
I n te r m e d ia te  s o l u b i l i t y  i . e .  40 -  80$ have b een  r e p o r t e d .
(B a s ic  s l a g  C om m ittee’ s r e p o r t s  No*. 5 ,  7> 8 .)
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F i e l d  E x p erim e n t No, 2 .
E x p e r im e n ta l  C rop .
F o o ts  c ro p s  a r e  v e ry  s e n s i t i v e  t o  p h o s p h a tic  f e r t i l i s e r s  ( 1 7 ) ,
and  a r e  t h e r e f o r e  l i k e l y  t o  b r in g  any d i f f e r e n c e s  In  t h e
f-
e f f e c t i v e n e s s .  Of th e s e  Swedes s ta n d  h ig h  i n  t h e  l i s t s  o f 
c r o p s  show ing s e n s i t i v e n e s s  t o  p h o sp h a te  s t a r v a t i o n ,  
r e s p o n s iv e n e s s  t o  a d d i t i o n s  o f p h o s p h a te , and a b i l i t y  t o  
o b t a i n  p h o sp h o ru s  from  r e l a t i v e l y  i n s o lu b le  p h o s p h a te s .
They w ere  t h e r e f o r e  s e l e c te d  a s  th e  e x p e r im e n ta l  c ro p  i n  t h i s  
c a s e ,  a l th o u g h  th e y  have th e  d is a d v a n ta g e  o f a f a i r l y  lo n g  
g ro w in g  p e r io d  and a r e  th u s  n o t  v e ry  s u i t a b l e  a s  a  m eans o f 
m e a su r in g  th e  r a p i d i t y  o f  a c t i o n .
L o c a t io n  o f E x p e r im e n t«
To a id  i n  t h e  s e l e c t i o n  o f an  e x p e r im e n ta l  c e n t r e ,  w here th e  
s o i l  was d e f i c i e n t  i n  p h o s p h a te ,  and w ould th u s  be l i k e l y  t o  
re s p o n d  t o  t r e a tm e n t  and t o  show d i f f e r e n c e s ,  f o l lo w in g  
t r e a tm e n t  w i th  s l a g s  o f d i f f e r e n t  p r o p e r t i e s ,  th e  R eco rd s 
o f  t h e  S o i l  S u rvey  and A d v iso ry  S t a f f  of th e  W est o f S c o tla n d  
A g r i c u l t u r a l  C o lle g e  w ere  exam ined . T h is  e x a m in a tio n  showed 
t h a t  f o r  292 sam p les o f heavy  loam  s o i l s  o f S o u th  A y r s h i r e ,  
s u i t a b l e  f o r  Swede g ro w in g , th e  a v e ra g e  lim e  re q u ire m e n t was 
•2 656 (H ardy*s M e th o d ). T h is  was ta k e n  a s  b e in g  f a i r l y  
r e p r e s e n t a t i v e  o f S o u th  A y rs h ire  s o i l s ,  and i t  was a t te m p te d
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t o  o b ta in  a  c e n t r e  w here t h e  s o i l  gave a p p ro x im a te ly  th e  
sam e c o n d i t io n s  i n  t h i s  r e s p e c t .  The m ost s u i t a b l e  c e n t r e  
o b t a in a b le  was a t  F r i a r l a n d  Farm , 2£ m ile s  s o u th  e a s t  o f 
A y r , w h e re , a c c o rd in g  t o  th e  s o i l  r e c o r d ,  th e  lim e  
re q u ire m e n t  was .3 0 .  The s o i l  was a l s o  d e f i c i e n t  i n  
p h o s p h a te .
S o i l  c o n d i t i o n s .
The s o i l  was sam pled i n  t h e  u s u a l  way a t  th e  b e g in n in g  o f 
t h e  e x p e r im e n t . The a n a l y t i c a l  r e s u l t s  a r e  g iv e n  in  
T a b le  No. 5 7 .
T a b le  No. 5 7 . A n a ly s is  o f s o i l  sam ple -  F r i a r l a n d  E x p e r im e n t.
M e ch a n ica l A n a ly s is  
C o arse  sand  1 4 .4 6
F in e  sand 4 4 .8 0
S i l t 2 1 .3 3
C lay 1 1 .8 4
M o is tu re 4 .1 2
L o ss  on s o l u t io n  2 .2 3
D if f e r e n c e 1.22
b.
FfllftMN!) , £*PERf#1£A/f CeNtKfL .
P l o t  N o  to.
" N o .  i o  
T * £ R T M £ h T*
Pl o T N o /. 
U n TREATc D.
P l o T N o .  2. 
S l r c t L
Pl o t  N o S .  
S c / H t H .
Pl o t  N o f .  
S t- f t ( r .  //.
Pl o T N o. S .  
(Jn TRERTe i).
P l o T t^o6. 
S l a < * U .
/ v o . y . P l o T  /Vo.$ . 
S u ) f r  T{.
P l o T N o $  
U n TRERTe J)
77'
 »------- //V tf'f-JL -*
77*
rr
77*
PfELt> BftONPflPV.
Table No. 57* (Contd.)
C hem ical A n a ly s i s  56
L o s s  on i g n i t i o n  9 .8
"Lime r e q u i r e m e n t"
(L ew is  and Hardy) .366
( H u tc h is o n  and 
McLennan) ,250
P2 ° 5 ’ HC1 so lu fe le  .2 3 2
P2°5* #2^  c i , t r i 0  
a c i d  s o l u b l e  .009
PH w a t e r  s u s p e n s io n  5 3  
PH CaCl2 s u s p e n s io n  4-5
P2 ° 5  ( K i r s a n o v ) “  H ig h ly  d e f i c i e n t .
No m a n u r ia l  t r e a tm e n t  had b e en  g iv e n  f o r  a t  l e a s t  f i v e  y e a r s .
Form o f  E x p e r im e n t .
The p l o t s  w ere  l a i d  out i n  t h e  fo rm  o f a L a t i n  s q u a r e ,  e ac h
r r  /  > J
t r e a t m e n t  b e in g  r e p l i c a t e d  t h r e e  t i m e s .  The a rra n g em e n t  o f  
t h e  p l o t s  was a s  shown i n  p l a n  on t h e  o p p o s i t e  p a g e .
An a d d i t i o n a l  p l o t  No. 10, was l a t e r  in c lu d e d  t o  compare t h e  
r e s u l t s  o b ta in e d  w i t h  t h e  f a r m e r ’ s m aju ria l  scheme w i t h  t h o s e  
o f  t h e  s l a g  t r e a t e d  p l o t s .
E ach  p l o t  was 77 f t .  x 15 f t .  9 i n .  (7  d r i l l s ) .
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T re a tm e n t  .
P l o t s  No. 1 , 5 ,  9 -  U n t r e a t e d .
" 2» 6 i 7 “  "Low c i t r i c  s o l u b l e "  s l a g  42 l b . p e r  p l o t .
* 3* 4 ,  8 -  "High " " " " " "
T h i s  heavy d r e s s i n g  o f  s l a g  (13£  o w t . /  a c r e )  was g iv e n  s in c e  
no  fa rm y a rd  manure was b e in g  a p p l i e d .  The r a t e  o f  a p p l i c a t i o n  
o f  "PgOs" wfi-s t h e r e f o r e
f ro m  "Low c i t r i c  s o l u b l e  s l a g "  2 3 5 .5  l b .  p e r  a c r e ,  
f ro m  "H igh c i t r i c  s o l u b l e  s l a g "  2 2 4 .7  l b .  p e r  a c r e .
The s l a g s  w ere  sown i n  t h e  d r i l l  1 1 /5 /3 2 .
P l o t  No. 10 r e c e iv e d  h ig h  g ra d e  b a s i c  s l a g  a t  t h e  r a t e  o f  
8 c w t / a c r e ,  sown on p lo u g h in g  and w rough t i n  a  l i g h t  
d r e s s i n g  o f  fa rm y a rd  m anure% 30$  su p e rp h o s p h a te  a t  r a t e
o f  3 c w t / a e r e  and ammonium s u l p h a t e  a t  r a t e  o f  l £  c w t / a c r e .  
Crop d e t a i l s .
The s e e d ,  I n g l i s *  B e s t  o f A l l ,  was sown 1 1 /5 /3 2 ,  i n  d r i l l s  
27  in c h e s  w id e .
The p l a n t s  w ere  s i n g l e d  ou t and h a r v e s t e d  a c c o rd in g  t o  t h e  
u s u a l  f a rm  p r a c t i c e  m e th o d s .
W ea the r  c o n d i t i o n s .
M e t e o r o l o g ic a l  d a t a ,  r e c o r d e d  a t  A u c h in c ru iv e  S t a t i o n  3 m i le s  
d i s t a n t ,  a p p ro x im a te ly  30 f e e t  be low  t h e  l e v e l  o f  t h e  
e x p e r im e n ta l  c e n t r e ,  w h ic h  i s  15u above se a  l e v e l ,  r e l a t i v e
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t o  t h i s  ex p e r im e n t  was
R a i n f a l l .  1 1 th  May t o  1 3 th  December -  24 i n c h e s .
S u n s h in e .  11t h  May t o  2 5 th  Sep tem ber (no r e c o rd  
a v a i l a b l e  f o r  i n t e r v a l  2 5 th  t o  3 0 th  Sep tem ber) 
a n d  1 s t  O c to b e r  t o  l ^ t h  December -  752 h o u r s .
P l o t  Y i e l d s .  -  The y i e l d  o f b u lb s  from  e a c h  p l o t  was
m ea su re d  by w e ig h in g  on 13t h  Deoember, 1932. D e t a i l e d
r e s u l t s  a r e  g iv e n  in  t h e  f o l lo w in g  T ab le  No. 5 8 .
T a b le  No. 5 8 .  Root y i e l d s  -  B u lb s .
P l o t  No. Y ie ld  -  l b / p l o t T o n s / a c r e .
1 668 10 .71
2 1964 3 1 .4 9
3 1827 2 9 .3 0
4 1925 3 1 .3 0
5 1012 1 6 .2 3
6 1758 2 8 .1 9
7 1904 3 0 .5 3
8 1662 2 6 .6 5
9 269 4 .3 1
10 1792 2 8 .7 3
The a v e ra g e  y i e l d s  I n  t o n s / a c r e  a c c o rd in g  t o  t r e a t m e n t  a r e  
U n t r e a t e d  1 0 .4 2 ,  S la g  L 3 0 .0 6 ,  S la g  H 2 9 .0 8 .
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D isc u ss io n  of r e s u l t s .
The y i e l d s  from  t h e  c o n t r o l  p l o t s  show a w ide v a r i a t i o n .
I t  i s  a l s o  n o te d  t h a t  a l t h o u g h  t h e  p l o t s  d r e s s e d  w i t h  s l a g  
g i v e  n e a r l y  e q u iv a l e n t  y i e l d s ,  p l o t s  No. 6 and 8 n e a r e s t  
t h e  c o m e r  o f  t h e  f i e l d  w here  c o n t r o l  p l o t  No. 9 gave o n ly  
2 6 9  l b  a r e  b o th  below  t h e  a v e ra g e  r e s u l t  f o r  e ac h  t r e a t m e n t .  
T h i s  " c o r n e r  e f f e c t "  i s  p ro b a b ly  due t o  s o i l  v a r i a t i o n .
Prom t h e  r e s u l t s  i t  would seem t h a t  one p l o t  o f  eac h  
t r e a t m e n t ,  c o n t r o l ,  s l a g  L , s l a g  H a r e  a f f e c t e d .
The a v e ra g e  i n c r e a s e  o v e r  t h e  mean y i e l d  f o r  t h e  u n t r e a t e d  
p l o t s  i s  p r a c t i c a l l y  t h e  same w i t h  t h e  two s l a g s .
I n c r e a s e  due t o  S la g  L 1 9 .6  t o n s  p e r  a c r e .
" ■ * H 1 8 .7  " " "
The r e l a t i o n  be tw een  t h e  i n c r e a s e s  i s  s i m i l a r  t o  t h a t  
o b t a i n e d  i n  E x p erim en t No. 1 , f o r  h e r b a g e .
I t  I s  n o te w o r th y  t h a t  t h e  a v e ra g e  y i e l d  from  p l o t s  r e c e i v i n g  
s l a g  o n ly  i s  s l i g h t l y  b e t t e r  t h a n  t h e  y i e l d  from  p l o t  No. 10 . 
C h em ica l  c o m p o s i t io n  of t h e  Swedes.
To t e s t  t h e  e f f e c t  o f t h e  t r e a tm e n t  w i t h  b a s i c  s l a g s  on t h e  
c o m p o s i t io n  o f  t h e  b u lb s  i t  was n e c e s s a r y  t o  t a k e  sam p les  
f o r  a n a l y s i s .
S am pling  o f  Swede b u l b s .
T h is  c o u ld  have b e en  c a r r i e d  out by t a k i n g  a  number o f  b u lb s
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s u f f i c i e n t  t o  g iv e  a r e p r e s e n t a t i v e  sa m p le .  T here  i s  
h o w ever a g r e a t  d i f f e r e n c e  b e tw een  m a t e r i a l  r e q u i r e d  t o  g iv e  
a r e p r e s e n t a t i v e  sample and t h a t  r e q u i r e d  f o r  c h e m ic a l  
a n a l y s i s ,  and t h i s  method was c o n s id e r e d  u n s u i t a b l e .
The p r o c e s s  o f sam p lin g  by t a k i n g  s m a l l  p o r t i o n s  o f  a  number 
o f  b u lb s  i s  c o m p l i c a te d ,  i t  h a v in g  b e en  fo und  t h a t  i n  t h e  
b u l b  t h e  s o l i d s  a r e  d i s t r i b u t e d  u n e v e n ly .
F r u w i r t h  (18) h a s  shown t h a t  t h e  b a r k  h as  a h ig h e r  d ry  
m a t t e r  f i g u r e  t h a n  t h e  o t h e r  t i s s u e s .  He recommends t h e  
m ethod o f  c u t t i n g  a  l o n g t i t u d i n a l  s e c t o r ,  and t h i s  method 
h a s  d e v e lo p e d  so  t h a t  c u t t i n g  and p u lp in g  of t h e  sam ple 
a r e  s im u l t a n e o u s .
Wood and B e r ry  (19) and H e n d r ic k  (20) have found  t h a t  t h e  
f l e s h  o f  t h e  p e r i p h e r a l  r e g i o n  was r i c h e s t ,  and t h a t  t h e  
d r y  m a t t e r  c o n te n t  d im in is h e d  to w a rd s  t h e  c e n t r e ,  i n
t r a n s v e r s e  s e c t i o n s .
Wood and B e r ry  c o re d  h o r i z o n t a l l y  th r o u g h  t h e  g r e a t e s t  
d i a m e t e r .  H e n d r ic k  c o re d  d i a g o n a l l y .
Sansome (21) found  t h a t  t h e  s o u th e r n  p o r t i o n  o f  t h e  b u lb  was 
r i c h e r  i n  d ry  m a t t e r  t h a n  t h e  n o r t h e r n .  He recommended 
h o r i z o n t a l  c o r i n g  i n  a  n o r t h - s o u t h  d i r e c t i o n  t o  m in im ise  
t h e  e r r o r  due t o  a sy m m etr ica l  g ro w th .
Davey (22) h a s  c o n f irm e d  Sansome1 s w ork . He fo un d  t h a t  t h e r e  
was l i t t l e  d i f f e r e n c e  i n  a c c u ra c y  be tw een  t h e  c o r i n g  m e th o d s .
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The r e l a t i o n  i n  d ry  m a t t e r  v a lu e  o f  h o r i z o n t a l  c o r e s ,  
d i a g o n a l  c o r e s  and w hole  b u lb s  was a p p ro x im a te ly  95 : 97 s 100 
r e s p e c t i v e l y .  He e s t im a te d  t h e  c o e f f i c i e n t  o f v a r i a b i l i t y  
a s  a b o u t  Vjb o f  t h e  d ry  m a t t e r  v a lu e  f o r  e i t h e r  c o r i n g  m ethod .
To o b t a i n  a  co m p ar iso n  o f  t h e s e  m ethods when t h e  
b u l b s  w ere  sam pled i n  t h e  f i e l d ,  t h e  b u lb s  were sam pled 
a c c o r d i n g  t o  t h e  f o l lo w in g  soheme. I n  each  c a s e  50 c o r e s  
o r  s l i c e s  w ere  t a k e n .
P l o t s  1 - 1 0 .  -  D ia g o n a l  c o r e s  t h r o u g h  c e n t r e  i n  a n o r t h
and  s o u th  d i r e c t i o n  so f a r  a s  c o u ld  be  a s c e r t a i n e d  fro m  t h e  
sh a p e  o f  t h e  b u l b s .  Sample N os. 1 -  10.
P l o t s  1 - 5 .  H o r i z o n ta l  c o r e s ,  t h r o u g h  t h e  c e n t r e ,  i n  a  
n o r t h  and s o u th  d i r e c t i o n .  Sam ples N os. 1A, 2A, and 3A.
P l o t s  4 - 6 .  L o n g i tu d in a l  wedge shaped  s e c t o r s .  Sample 
N os . ivB? vB, ViB.
P l o t s  7 - 9 .  H o r i z o n ta l  c o r e s ,  t h r o u g h  g r e a t e s t  d i a m e t e r .  
Sam ple N os. 70* 80* 90 .
The d r y  m a t t e r ,  a s h ,  CaO, P2 05 and n i t r o g e n  c o n t e n t s  w ere  
d e te rm in e d  i n  eaoh  sam p le . The f o l l o w in g  t a b l e  No. 59 
g i v e s  t h e  r e s u l t s  o b t a i n e d .  CaO, *2 ^5 ’ &8^  anc* n ^ r °g 0n 
f i g u r e s  a r e  g iv e n  a s  t h e  d ry  m a t t e r  b a s i s .
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T a b le  No, 59* C hem ical c o m p o s i t io n  o f  Swede b u l b s .
Sam ple  No. $6 Dry 1° $
M a t t e r N i t ro g e n Ash CaO P2 ° 5
1 1 0 .5 7 2 .0 3 4 .2 0 .406 .280
1A 1 0 .2 2 1 .9 1 4 .6 6 *319 .301
2 9 .6 8 1 .6 9 4 .7 3 .435 .492
2A S . 76 1 .6 7 4 .4 9 .405 .528
3 1 0 .1 7 1 .5 9 4 .7 7 .450 .584
3A . 2 . 9 4 ___ 1 .5 9 4 .5 1 .419 .610
4 9 . 4 1 .7 8 4 .7 3 .440 .581
4B 9 ,3 9 1 ,9 5 5 .1 2 .516 .633  _ _
5 9 .0 8 1 .9 0 4 .6 2 .396 .3 2 9
5B - .  9 , 9 1 . .  _ 2 .2 1 5 .0 4 _.476 ,3 2 6  _
6 9 .7 3 1 .5 5 4 .2 9 .424 .487
6B 9 .5 7 1 .5 8 4 .7 0 .478 .511
7 9 .4 9 1 .7 3 4 .5 7 .429 .535
. . .  7P_____  __ 9 ,6 7  . _1 ,71_ 4 .2 5 ^390 ,5 2 5
8 9 .4 7 1 .7 1 4 .5 0 .433 .538
8D . 9,69 1 .7 0  - _4_t33_ .415 ,5X7
9 10.36 1 .9 3 3 .9 6 .379 .249
9D . 1 0 .6 6 1 .9 4 4 .0 7 _ .3 5 8  _ .2 7 7  _
10 9.89 1 .9 0 5 .3 6 .386 .346
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The d ry  m a t t e r ,  a s h ,  CaO, N, *2^5 y * 8^ 8 *n  IP* Pe r  a c r e  a r e  
t a b u l a t e d  i n  T ab le  No. 6 0 .  These r e s u l t s  show t h e  v a r i a t i o n s  
o b t a i n e d  by t h e  d i f f e r e n t  m ethods o f  s a m p lin g .
T a b le  No, 6 0 .  Y ie ld  f i g u r e s  o f  Swede c o n s t i t u e n t s .
Sam ple No. Dry M a t te r Ash N i t r o g e n CaO P2 ° 5
1 2536 1 0 6 .5 5 1 .5 1 0 .2 9 7 .0 9
1A 2451 1 1 4 .2 4 6 .8 _ 9 .2 8 7 .3 8
2 6826 3 2 2 .8 1 1 5 .7 2 9 .7 3 3 3 .6 1
2A 6880 3 0 8 .9 1 1 4 .7 2 7 .8 8 3 6 .3 1
3 6674 3 1 8 .0 1 0 5 .8 3 0 .0 0 3 8 .9 7
3A 6519 2 9 4 .0 1 0 3 .9 2 7 .3 0 3 9 .7 8
4 6588 3 1 1 .9 117 .1 2 8 .9 8 3 8 .2 9
4B 6577 3 3 6 .5 1 2 7 .9 3 3 .9 5 4 1 .5 9
5 3591 1 6 5 .7 6 8 .1 14 .2 2 1 1 .8 2
5B 3598 1 8 1 .4 7 9 .3 1 7 .1 4 1 1 .7 4
6 6138 2 6 3 .5 9 5 .4 2 6 .0 1 2 9 .9 2
6B 6040 2 8 3 .7 9 5 .3 2 8 .8 9 3 0 .8 5
7 6489 2 9 6 .6 1 1 2 .4 2 7 .8 6 3 4 .6 9
7D 6612 2 8 0 .9 1 1 2 .9 2 5 .7 6 3 4 .7 3
8 5649 2 5 4 .3 9 6 .7 2 4 .4 7 3 0 .4 0
8D 5782 2 5 0 .3 9 8 .3 2 3 .9 2 3 3 .3 4
9 1002 3 9 .6 5 1 9 .3 3 .8 0 2 .5 0
9D 1030 4 1 .9 6 1 9 .9 3 .6 9 2 .8 6
10 6366 341 1 2 1 .2  2 4 .6  2 2 .0 5
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D isc u ss io n  of R e s u lts .
D ry m a t t e r  f i g u r e s  f o r  sam ples from  p l o t s  Nos. 1 ,  2 and 3 
show v a r i a t i o n s  a c c o rd in g  t o  t h e  method o f  sa m p lin g  a s  n o te d  
by  Davey ( 2 2 ) .  I n  one c a s e  t h e  f i g u r e  o b ta in e d  i s  o u t s i d e  
t h e  l i m i t  su g g e s te d  by Davey. He gave r e l a t i v e  f i g u r e s  f o r  
d i a g o n a l  and h o r i z o n t a l  c o r e s  97 : 95 w i th  1$ v a r i a t i o n  i n  
e a c h  m ethod . I n  p l o t  No. 2 t h e  d ry  m a t t e r  f i g u r e  by 
h o r i z o n t a l  c o r i n g  e x ce ed s  t h a t  o f  h o r i z o n t a l  c o r e s  by 
a p p ro x im a te ly  .8 $ .
The d ry  m a t t e r  f i g u r e s  f o r  d ia g o n a l  c o r e s  and l o n g i t u d i n a l  
s e c t o r s  f ro m  p l o t s  Nos. 4 -  6 a g re e  v e ry  w e l l .  The g r e a t e s t  
d i f f e r e n c e  i s  a p p ro x im a te ly  1 .6 $ .
W ith  p l o t s  Nos. 7 -  9 t h e  d ry  m a t t e r  f i g u r e s  o b ta in e d  from  
c o r e s  th r o u g h  g r e a t e s t  d i a m e te r  exceed  t h o s e  o f  d i a g o n a l  
c o r i n g  i n  e a c h  c a s e .  T h is  i s  p ro b a b ly  due t o  c o n c e n t r a t i o n  
o f  s o l i d s  i n  t r a n s v e r s e  s e c t i o n s  n e a r e r  t h e  s h o u ld e r s  a s  
fo u n d  by H e n d r ic k  ( 2 0 ) ,  and Wood and B e rry  ( 1 9 ) .
The o t h e r  c o n s t i t u e n t s  d e te rm in e d  a r e  e x p re s s e d  a s  p e r c e n ta g e s  
o f  t h e  d ry  m a t t e r ,  c o n s e q u e n t ly  a s im p le  c o m p a r iso n  o f  sam pling  
m ethods fro m  t h e  p e r c e n ta g e  f i g u r e s  i s  n o t  o b t a i n e d .  A b e t t e r  
c o m p a r is o n  i s  a v a i l a b l e  from  t h e  r e s u l t s  i n  t a b l e  No. 60 
g i v i n g  t o t a l  y i e l d s ,  a l t h o u g h  t h e  s im p le  m a n ip u la t io n  r e q u i r e d  
f o r  d ry  m a t t e r  d e t e r m i n a t i o n  w i t h  p o s s i b i l i t y  o f  s m a l l e r
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a n a l y s i s  e r r o r  may be r e g a rd e d  a s  b e in g  i n  f a v o u r  o f  d ry  
m a t t e r  f i g u r e s  a s  b a s i s  o f  co m p a r iso n .
The y i e l d  f i g u r e s  f o r  t h e  c o n s t i t u e n t s  a s h ,  N i t r o g e n ,  CaO,
P2 O5 show g r e a t e s t  v a r i a t i o n  by t h e  d i f f e r e n t  m ethods o f  
s a m p l in g  f o r  p l o t s  Nos. 4 -  6 i n  CaO f i g u r e s  w here  sa m p lin g  
by  q u a r t e r  s l i c e s  a r e  c o n s i s t e n t l y  h i g h e r  by ab o u t 10$  t h a n  
t h e s e  from  h o r i z o n t a l  c o r e s .
R e l a t i o n  b e tw een  f r e s h  c o re  w e ig h ts  and p l o t  y i e l d s .
Sansome (21 ) c o n c lu d e d  t h a t  " th e  f r e s h  w e ig h t  o f  a  c o re  i s  
a  f u n c t i o n  o f  t h e  w e ig h t  o f  t h e  w hole  r o o t " .  I t  f o l lo w s  
t h a t  i n  an  e x p e r im e n t  o f  t h i s  ty p e  w here  t h e  number o f b u lb s  
i n  each  p l o t  i s  c o n s t a n t ,  t h e  d i f f e r e n t  y i e l d s  b e in g  due t o  
d i f f e r e n c e  i n  s i z e  of t h e  b u lb s  t h e r e  sh o u ld  be  a r e l a t i o n s h i p  
b e tw ee n  t h e  a v e ra g e  c o re  w e ig h t  and t h e  t o t a l  y i e l d .
T h is  r e l a t i o n s h i p  h a s  b e e n  examined by com paring  t h e  a v e ra g e  
f r e s h  c o re  w e ig h t  o b ta in e d  by t h e  d i a g o n a l  c o r in g  method 
em ployed f o r  p l o t s  No. 2 - 1 U  w i t h  t h e  t o t a l  y i e l d s .  The 
r e l a t i o n s h i p  fou nd  i s  shown i n  t h e  g raphs  o p p o s i t e .
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T a b le  No. 6 l .  d e l a t i o n  be tw een  f r e s h  c o re  w e ig h t  and Y ie ld
o f  B u lb 8 ,
P l o t  No. T o ta l  Y ie ld  F r e s h  Core
i n  t n / a c . A verage wt
2 3 1 .4 9 2 0 .5 1
3 2 9 .3 0 1 8 .31
4 3 1 .3 0 1 9 .5 6
5 1 6 .2 3 1 6 .9 6
6 2 8 .1 9 1 8 .7 7
7 3 0 .5 3 1 8 .8 4
8 2 6 .6 5 1 8 .4 4
9 4 .3 1 1 3 .3 0
10 2 8 .7 3 1 8 .9 6
D i f f e r e n c e  I n  o o m p o s l t lo n  of b u lb s  due t o  f e r t i l i s e r  t r e a t m e n t .
The a v e ra g e  f i g u r e s  f o r  p e r c e n ta g e  d ry  m a t t e r  and c o n s t i t u e n t s
a c c o r d i n g  t o  t r e a tm e n t  a r e  t a b u l a t e d  i n  T ab le  No. 6 2 .
T a b le  No. 6 2 .  Chem ical c o m p o s i t io n  o f  Swede b u lb s  a c c o r d in g
t o  f e r t i l i s e r  t r e a t m e n t .
A verage  r e s u l t s .
T rea tm en t i  Dry 
M a t te r .
^  N i t ro g e n <f> Ash i  CaO * P2 ° 5
TJnt r e a t  ed 10 .2 7 1 .9 7 4 .4 2 5 .397 .294
S l a g  L . 9 .6 5 1 .6 5 5 4 .5 0 5 .42 7 .513
S la g  H. 9 .6 8 1 .7 2 4 .6 6 .4455 .5 8 7
" P l o t  No. 10 * 9 .8 9 1 .9 0 5 .3 6 .3864 .346
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D isc u ss io n  of r e s u l t s .
No i n c r e a s e  i n  d ry  m a t t e r  c o n te n t  h a s  b e en  o b ta in e d  by t h e  
f e r t i l i s e r  t r e a t m e n t s ,  i t  i s  however t o  be  remembered t h a t  t h e  
b u l b s  f ro m  t h e  u n t r e a t e d  p l o t s  w ere s m a l l e r  and t h e  r a t i o  of 
p e r i p h e r a l  m a t e r i a l  t o  c e n t r a l  f l e s h  i n  t h e  sam p les  by t h e  
m e th o d s  employed i n  such  i s  l a r g e r  t h a n  w i t h  t h e  b u l b s  from  
t h e  o t h e r  p l o t s .  The n i t r o g e n  f i g u r e s  v a ry  i n  a  s i m i l a r  
m anner t o  t h e  d ry  m a t t e r  f i g u r e s .
P e r c e n t a g e  a s h  i n  h i g h e s t  i n  sample from  P l o t  No. 10. 
C o n s i d e r a t i o n  o f  t h e  o t h e r  f i g u r e s  i n d i c a t e s  t h a t  t h i s  i s  due 
t o  i n c r e a s e d  a s s i m i l a t i o n  of some c o n s t i t u e n t ,  n o t  d e te r m in e d .  
T re a tm e n t  w i t h  s l a g  H h as  i n c r e a s e d  t h e  p e r c e n t a g e  o f  CaO and 
P2 °5  l n  d ry  ma‘t 'fcer *>° a s i g n i f i c a n t  e x t e n t .  The P2 ° 5  
c o n te n t  i n  sam ples f rom  s l a g  H p l o t s  i s  d o u b le  t h a t  o f  t h e  
c o n t r o l  p l o t  sa m p le s .  The i n c r e a s e  due t o  s l a g  L i s  n o t  so 
m arked f o r  56 CaO. Such i s  t o  be e x p e c te d  from  t h e  low CaO 
c o n te n t  f i g u r e  o f  t h e  s l a g  i t s e l f .  The *2^5  c o n te n t  i s  n o t  so 
g r e a t  a s  f o r  s l a g  E t r e a t m e n t ,  b u t  e x ce ed s  t h a t  o f  t h e  
u n t r e a t e d  v e ry  a p p r e c i a b l y .
I n c r e a s e s  o f  y i e l d  o f  d ry  m a t t e r  and c o n s t i t u e n t s  a c c o r d in g
t o  f e r t i l i s e r  t r e a t m e n t .
The mean y i e l d  o f  d ry  m a t t e r  and c o n s t i t u e n t s  a c c o r d in g  t o
f e r t i l i s e r  t r e a tm e n t  a r e  g iv e n ,  e x p re s s e d  i n  l b .  p e r  a c r e  i n
T a b le  No. 6 3 .
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T a b le  No, 6 3 .  Y ie ld s  o f  d ry  m a t t e r  and c o n s t i t u e n t s
a o o o rd ln g  t o  f e r t i l i s e r  t r e a t m e n t .
T re a tm e n t Dry M a t te r Ash N i t r o g e n CaO P2 ° 5
U n t r e a te d 2368 1 0 8 .2 4 7 .5 9 .7 4 7 .2 3
S l a g  Ij 6498 2 9 2 .7 1 0 7 .7 2 7 .6 9 3 3 .3 5
S l a g  H 6298 2 9 4 .1 1 0 8 .3 2 8 .2 7 3 7 .0 6
" P l o t  Ho. 10" 6366 3 4 1 .0 1 2 1 .3 2 4 .6 2 2 .0 5
I n c r e a s e s ,  n o t  a p p a r e n t  from  th e  c h e m ic a l  c o m p o s i t io n  f i g u r e s ,
d u e  t o  i n c r e a s e d  g ro w th  on t h e  t r e a t e d  p l o t s  a r e  shown.
T h ese  a r e  t a b u l a t e d  be low  -  a v e ra g e  r e s u l t s .
T a b le  No. 6 4 .  I n c r e a s e s  o f  d ry  m a t t e r  and c o n s t i t u e n t s
a c c o r d i n g  t o  t r e a t m e n t ,  l b .  p e r  a c r e .
T rea tm en t Dry M a t te r Ash N i t r o g e n CaO P2 °5
S la g  L 4130 1 6 4 .5 6 0 .2 1 7 .9 5 2 6 .1 2
S la g  H 3930 1 8 5 .9 6 0 .8 1 8 .5 3 2 9 .8 3
" P l o t  No. 10" 3988 2 3 2 .8 7 3 .7 1 4 .8 6 1 4 .8 2
e x p re s s e d  a s  $  o f mean u n t r e a t e d  p l o t  y i e l d .
S la g  L 174 1 7 0 .5 127 1 8 4 .3 3 6 1 .3
S la g  H 166 1 7 1 .8 128 1 9 0 .2 4 1 2 .6
" P l o t  No. 10" 169 2 1 5 .2 153 153 205
D i s c u s s i o n  o f  
The p e r c e n ta g e
R e s u l t s .
i n c r e a s e i n  w e ig h t o f  b u lb s i s  w i t h S la g  E
179$> S la g  L 188$ so t h a t  an  i n c r e a s e  i n  p h o sp h a te  c o n te n t  
w here  s l a g  t r e a tm e n t  h a s  b e e n  g iv e n  i s  shown. W ith  s l a g  H 
a s l i g h t  i n c r e a s e  i n  c a lc iu m  c o n te n t  h a s  a l s o  r e s u l t e d .
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The o t h e r  l n e r e a s e s  a r e  due t o  t h e  i n c r e a s e d  g ro w th  c au se d  
by  t h e  s l a g  a p p l i c a t i o n .
The r e s u l t s  f o r  P l o t  No. 10 a r e  t a b u l a t e d  f o r  c o m p a r iso n ,  i t
i s  t o  be  rem embered, how ever, t h a t  t h e y  r e p r e s e n t  s i n g l e  p l o t  
d e t e r m i n a t i o n s .
C om parison  o f  t h e  y i e l d  f i g u r e s  shows t h a t ,  a s  i n  g r a s s l a n d  
e x p e r im e n t  No. 1 , t h e  f e r t i l i s e r  v a lu e s  o f  t h e  two s l a g s  a r e  
p r a c t i c a l l y  e q u a l ,  u n d e r  t h e  c o n d i t i o n s  o f  t h e  e x p e r im e n t .  
S l a g  L h a s  g iv e n  a s l i g h t l y  g r e a t e r  i n c r e a s e  t h a n  s l a g  H 
i n  b u lb s  and d ry  m a t t e r :  w h i le  s l a g  E h a s  i n c r e a s e d  t h e  P2 °5
and  t h e  CaO y i e l d  s l i g h t l y  more t h a n  s l a g  L .
The i n c r e a s e s  due t o  t h e  s l a g  t r e a t m e n t  a r e  however 
much g r e a t e r  t h a n  t h o s e  o f  ex p e r im e n t  No. 1 .
The r e c o v e ry  f i g u r e s  f o r  CaO and o o n ta in e d
i n  t h e  s l a g s : -
Slag H CaO 2.63$ P2 °5 13.27$
Slag L CaO 3-7 $ P2 °5 11,1 ^
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P l e l d  E xp erim en t No. 3 .
To t e s t  t h e  r e s i d u a l  v a lu e  o f  t h e  s l a g s  a p p l i e d  a t  P r i a r l a n d  
Swede e x p e r im e n t  i n  s e a s o n  1933> on t h e  o a t  c r o p ,  P l o t s  
H o . 1 *  9* w ere  t r e a t e d  u n i fo rm ly  w i t h  s u l p h a t e  o f  ammonia 
a t  t h e  r a t e  o f  % cw t.  p e r  a c r e  a t  t h e  t im e  o f  sow ing , and 
3 0 $  p o ta s h  s a l t s  a t  t h e  r a t e  o f  l £  cw t.  p e r  a c r e  s h o r t l y  
a f t e r  sow ing .
The c ro p  from  t h e  v a r i o u s  p l o t s  was h a r v e s t e d .  
s e p a r a t e l y  and t h e  t o t a l  y i e l d  a s c e r t a i n e d  by w e ig h in g .
A f t e r  t h r e s h i n g  t h e  g r a i n  was w e ig h ed , t h e  d i f f e r e n c e  be tw een  
t o t a l  y i e l d s  and g r a i n  w e ig h ts  was t a k e n  a s  s t r a w  y i e l d .  
D e t a i l s  o f t h e  r e s u l t s  o b ta in e d  a r e  g iv e n  i n  t h e  f o l lo w in g  
T a b le  No. 6 5 .
T a b le  No. 6 5 .  P l o t  y i e l d s  -  P r i a r l a n d  O a ts ,  1955#
P l o t No. S la g  
T rea tm en t
T o ta l  y i e l d  
( l b . )
G ra in
( l b . )
S traw  (by 
( l b . )
1 - 159 4 0 .5 )
)9 8
1 1 8 .5
2 L 181 5 7 .5 ) 12 3 .5
3 H 211 7 0 .7 5 140 .25
4 H 220 6 2 .5 1 5 7 .5
5 - 142 4 5 .0 0 9 7 .0 0
6 L 197 5 6 .0 0 1 4 1 .0
7 L 219 7 1 .0 0 14 8 .0
8 H 201 6 5 .5 1 3 5 .5
9 - 153 4 4 .2 5 10 8 .75
G r a in  y i e l d s  f o r  P l o t s  N o .la n d  2 a s  g iv e n  i n  T ab le  65 a r e  
n o t  a s  fou nd  by w e ig h in g ,  g r a i n  from  t h e s e  p l o t s  was mixed 
on t h r e s h i n g  and t h e  t o t a l  w e ig h t  o f  g r a i n  f rom  t h e  tw o p l o t s  
o n ly  was o b t a i n e d .  The r e s u l t s  i n  t h e  t a b l e  w ere  
c a l c u l a t e d  fro m  t h i s  w e ig h t .
The a v e ra g e  p l o t  y i e l d s  a c c o r d in g  t o  f e r t i l i s e r  
t r e a t m e n t  a r e : -
T a b le  No. 6 6 .  P l o t  y i e l d s  a c c o rd in g  t o  f e r t i l i s e r  t r e a t m e n t .
l b .  p e r  p l o t . T o ta l  y i e l d G ra in S tra w
U n t r e a te d 151 4 3 .2 5 10 7 .75
S la g  L 199 6 1 .5 1 3 7 .5
S la g  H 211 . 6 6 .2 5 1 4 4 .7 5
Thus i n  second  y e a r  f o l lo w in g  s l a g  t r e a t m e n t  a n  i n c r e a s e  i n  
t o t a l  y i e l d  of abou t 30$ o f  a v e ra g e  u n s la g g e d  p l o t  y i e l d  i s  
o b t a i n e d .
As s l i g h t  i n c r e a s e  o f  y i e l d  due t o  s l a g  H a s  compared w i t h
s l a g  Ij i s  i n d i c a t e d  by t h e  mean f i g u r e s  o f  T ab le  6 6 .  T h is  
how ever i s  p ro b a b ly  n o t  s i g n i f i c a n t  a s  v a r i a t i o n s  i n  
i n d i v i d u a l  p l o t  y i e l d s  * s  shown i n  T a b le  No. 65 o c c u r .
The " c o r n e r  e f f e c t "  shown i n  swede e x p e r im e n t  by 
P l o t s  6 ,  8 ,  and 9 i s  n o t  i n  e v id e n c e  h e re  i n d i c a t i n g  t h a t  
t h e  s o i l  d e f i c i e n c y  a s  shown by c ro p  y i e l d  h as  b e e n  rem ed ied  
by  t h e  a p p l i c a t i o n  o f  t h e  o t h e r  f e r t i l i s e r s ,
-  133 -
Summary.
An e x p e r im e n t  on poor g r a s s l a n d ,  w i t h  c u t t i n g  o f  t h e  h e rb a g e  
a t  d i f f e r e n t  i n t e r v a l s  d u r in g  t h e  g row ing  s e a s o n ,  u n d e r  n o te d  
s o i l  and w e a th e r  c o n d i t i o n s ,  t o  compare t h e  e f f e c t i v e n e s s  o f  
tw o  b a s i o  s l a g s ,  a s  f e r t i l i s e r s ,  h a s  b e en  d e s c r i b e d .
A sm a l l  r e c o v e r y  of t h e  added CaO and P2®5 n o ‘k0(*
b u t  an  i n c r e a s e d  c o n te n t  o f  t h e s e  c o n s t i t u e n t s  i n  th e  h e rb a g e  
a s  compared w i t h  t h e  p ro d u c t  o f  t h e  u n t r e a t e d  s o i l  h a s  b e en  
o b t a i n e d .  An i n c r e a s e  i n  t h e  y i e l d  of Ash, N i t r o g e n ,  K^O, 
and Na, h a s  b e en  b ro u g h t  abo u t due t o  a c t i o n  o f  t h e  s l a g s  
i n  p ro m o tin g  in c r e a s e d  g ro w th .
The v a lu e s  o f  t h e  s l a g s  a s  f e r t i l i s e r s  u n d e r  t h e  c o n d i t i o n s  
o f  t h e  e x p e r im e n t  a r e  n o t  i n  ag reem en t w i t h  t h e  a v a i l a b i l i t y
o f  t h e  *205 a s  i n d io a t e d  by t h e  c i t r i c  a c i d  t e s t .
A f i e l d  ex p e r im e n t  w i t h  swedes on a  s o i l  f a i r l y  r e p r e s e n t a t i v e  
o f  S o u th  A y rs h ir e  has  a l s o  b e en  d e s c r i b e d .  Marked i n c r e a s e s  
i n  y i e l d  have b e en  o b ta in e d  by t h e  a p p l i c a t i o n  o f  a heavy 
d r e s s i n g  of t h e  same two s l a g s  sown i n  t h e  d r i l l .
A c o m p a riso n  of d i f f e r e n t  m ethods of sa m p lin g  swede b u lb s  
i n  t h e  f i e l d  h as  b e en  made. The r e l a t i o n  of f r e s h  c o re  
w e ig h t  and p l o t  y i e l d s  has been  n o t e d .  I n c r e a s e d  P2 O5
c o n t e n t  o f  t h e  sa tfed eb u lb s  h as  been  o b ta in e d  by t h e  s l a g  
t r e a t m e n t .  One s l a g  h as  g iv e n  a s l i g h t  i n c r e a s e  i n  CaO a l s o ,
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w h i l e  t h e  o t h e r  o f  much lo w er  CaO c o n te n t  h a s  m a in t a in e d  t h e  
$  CaO i n  t h e  r o o t s  i n  s p i t e  o f  t h e  g r e a t l y  i n c r e a s e d  g row th  
on t h e  t r e a t e d  p l o t s .
L a rg e  i n c r e a s e s  i n  y i e l d  o f  d ry  m a t t e r ,  a s h ,  n i t r o g e n ,  K>>0
an d  Ha due t o  i n c r e a s e d  g row th  c au se d  by t h e  s l a g  a p p l i c a t i o n s  
hav e  a l s o  b e en  n o t e d .
The e f f e c t i v e n e s s  o f  t h e  two s l a g s  a s  Judged by t h e  
i n c r e a s e d  y i e l d s  o f  r o o t s  and t h e i r  c o n s t i t u e n t s  i s  
p r a c t i c a l l y  e q u a l  and n o t  i n  ag reem ent w i t h  t h e  c i t r i c  a c i d  
s o l u b i l i t y  f i g u r e s .
The r e s i d u a l  v a lu e s  o f  t h e  s l a g s  a s s e s s e d  by 
i n c r e a s e d  y i e l d s  i n  g r a i n  and s t r a w  w i t h  t h e  o a t  c ro p  
f o l l o w i n g  t h e  swedes have b e en  found  t o  be p r a c t i c a l l y  e q u a l .  
An i n c r e a s e d  y i e l d  o f  a b o u t  30$ t h a t  o f  t h e  u n s la g g e d  p l o t s  
h a s  b e e n  o b t a i n e d .
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M ain c o n c lu s io n s  form ed a r e  *
1 .  That t h e  f e r t i l i s e r  v a lu e s  o f  t h e  two open h e a r t h  b a s i c  
s l a g s ,  u n d e r  c o n s i d e r a t i o n ,  a s  shown by t h e  r e s u l t s  o f  t h e  
f i e l d  e x p e r im e n ts  d e s c r i b e d ,  a r e  p r a c t i c a l l y  e q u a l ,  and n o t  
i n  a c c o rd a n c e  w i t h  t h e  a v a i l a b i l i t y  o f t h e  ^2 ^ 5  I n d i c a t e d  by 
t h e  c i t r i c  a c id  t e s t .
2 .  T ha t t h e  c a lc iu m  compounds o f  su c h  s l a g s  o f  s o - c a l l e d  
i n t e r m e d i a t e  s o l u b i l i t y  a r e  im p o r ta n t  a s  w e l l  a s  t h e  p h o sp h o ru s  
com pounds. T h is  i s  shown by t h e  i n c r e a s e d  "CaB" and "Po 0£tL O
c o n t e n t  o f  t h e  h e rb a g e  from  p l o t s  t r e a t e d  w i t h  b a s i c  s l a g  
i n  E xperim en t No. 1 . ,  and by t h e  m a in te n a n c e  o f  t h e  "CaO" 
c o n t e n t  o f  swede r o o t s  when a v e ry  l a r g e  i n c r e a s e  i n  y i e l d  
h a s  b e en  o b ta in e d  by t h e  a p p l i c a t i o n  of b a s i c  s l a g  t o  t h e
s o i l  i n  E xperim en t No. 2 w here  i n c r e a s e d  "Po 0 " c o n te n t2 5
o f  t h e  c ro p  has  a l s o  b e en  o b t a i n e d .
3 .  T hat f e r t i l i s e r  t r e a tm e n t  w i t h  b a s i c  s l a g s  u n d e r  t h e  
c o n d i t i o n s  d e s c r ib e d  has  r e s u l t e d  i n  i n c r e a s e d  y i e l d s  o f  
f r e s h l y  c u t  h e rb a g e ,  d ry  m a t t e r ,  a s h ,  > "CaO", "K^O",
N a, N, f rom  p o o r  g r a s s l a n d ,  and of swede r o o t s ,  d ry  m a t t e r ,  
a s h ,  CaO, P2 O5 * 0X1 a r a b l e  l a n d .
4 . T ha t  s l i g h t  v a r i a t i o n s  i n  a n a l y t i c a l  r e s u l t s  f o r  swede 
" b u lb s "  o c c u r  a c c o rd in g  t o  t h e  method employed i n  s a m p l in g .
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5 .  T hat t h e r e  i s  a  r e l a t i o n  b e tw een  t h e  a v e ra g e  f r e s h  c o re  
w e i g h t ,  f o r  50 c o r e s  t a k e n  d i a g o n a l l y ,  and t h e  p l o t  y i e l d  o f  
sw edes  when t h e  number of t o o t s  p e r  p l o t  i s  c o n s t a n t .
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A P P E N D I X .
B r i e f  summary o f  a n a l y t i c a l  m e th o d s .
S l a g  A n a l y s i s .
The m e lt  o b ta in e d  w i t h  a f u s i o n  of f i n e l y  powdered s l a g  and 
a m ix tu r e  o f  sodium  and p o ta s s iu m  c a r b o n a te  i n  a  p la t in u m  
c r u c i b l e  i s  e x t r a c t e d  w i t h  d i l u t e  h y d r o c h lo r i c  a c i d .  T h is  
s o l u t i o n  i s  t a k e n  t o  d r y n e s s ,  and a f t e r  a  second  t r e a t m e n t  
w i t h  h y d r o c h l o r i c  a c i d  t h e  r e s i d u e  i s  baked  a t  120 C t o  
d e h y d ra te  t h e  s i l i c a .
S i l i c a  i s  f i l t e r e d  o f f  (Whatmann No. 44 p a p e r )  a f t e r  
t r e a t m e n t  o f  t h e  r e s i d u e  w i t h  h o t  d i l u t e  h y d r o c h lo r i c  a c i d  
d r i e d ,  i g n i t e d  and w eighed  a s  SlOg.
The f i l t r a t e  (1 ) from  above i s  made up  t o  a  known 
v o lu m e , a n  a l i q u o t  o f  w h ic h  i s  t a k e n  f o r  t h e  p h o sp h a te  
d e t e r m i n a t i o n .
P h o s p h a te .  The ph o sp h o ru s  i s  p r e c i p i t a t e d  a s  ammonium 
p h o sp h o m o ly b d a te ,  w h ich  I s  s e p a r a t e d  by f i l t r a t i o n  and 
e s t i m a t e d  v o l u m e t r i c a l l y  a c c o r d in g  t o  t h e  m o d if ie d  P em berton  
m ethod (R ic h a rd s  and Godden -  A n a l y s t .  D ec . 1 9 2 4 ) .
I r o n  and Aluminium -  an  a l i q u o t  o f  f i l t r a t e  (1 )  i s  t a k e n  
f o r  t h e s e  d e t e r m i n a t i o n s .  To t h e  s o l u t i o n  i s  added  a  known 
w e ig h t  o f  f e r r o u s  ammonium s u l p h a t e  s u f f i c i e n t  t o  e n s u re
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c o m p le te  p r e c i p i t a t i o n  o f  t h e  p h o sp h a te  p r e s e n t .  A f t e r  
o x i d a t i o n  w i t h  hydrogen  p e r o x id e ,  a  s e p a r a t i o n  i s  e f f e c t e d  
b y  t h e  b a s i c  a c e t a t e  m ethod . ( Q u a n t i t a t i v e  Chem. A n a ly s i s  -  
C low es and Coleman -  13t h  E d i t .  p .  2 7 7 ) .  The b a s i c  a c e t a t e  
p r e c i p i t a t e s  a r e  d i s s o l v e d  i n  h o t  d i l u t e  h y d r o c h lo r i c  a c i d ,  
and  t h e  s o l u t i o n  a f t e r  c o o l in g  made up  t o  a  known vo lum e.
H a l f  o f  t h i s  i s  t r e a t e d  w i t h  ammonium c h l o r i d e  and ammonium 
h y d r o x id e  s o l u t i o n s  t o  p r e c i p i t a t e  t h e  i r o n  and a lu m in iu m  a s  
m ix t u r e s  o f  h y d ro x id e  and p h o s p h a te .  T h is  i s  f i l t e r e d  o f f  
(Whatmann No. 41 p a p e r ) ,  d r i e d ,  i g n i t e d ,  o x id i s e d  w i t h  a  few 
d r o p s  o f  n i t r i c  and s u l p h u r i c  a c i d s ,  r e l g n l t e d  and w e ig h e d .  
I r o n  i s  e s t im a te d  i n  t h e  o t h e r  h a l f  o f  t h e  s o l u t i o n  by 
t i t r a t i o n  w i t h  s t a n d a r d  p o ta s s iu m  d lc h r o m a te ,  a f t e r  r e d u c t i o n  
w i t h  s ta n n o u s  c h l o r i d e .  (C lo se s  and Coleman -  Quan. Chem. 
A n a l .  1 3 th  E d i t .  p p .  167> 277)*  From t h e  above r e s u l t s  
t h e  w e ig h t  o f  a lum in ium  i s  c a l c u l a t e d  by  d i f f e r e n c e .  
I r o n - F e r r o u s  i s  d e te rm in e d  i n  a  f r e s h  p o r t i o n  o f  t h e  sam ple  
o f  s l a g .  (Clowes and Coleman, 13t h  E d i t .  p p .  163 , 2 7 8 ) .  
C a lc iu m  i s  d e te rm in e d  a f t e r  rem ova l o f manganese (Clowes and 
Colem an 13t h  E d i t .  p .  278) i n  t h e  f i l t r a t e s  f ro m  t h e  b a s i c  
a c e t a t e  s e p a r a t i o n  by p r e c i p i t a t i o n  w i t h  ammonium o x a l a t e ,  
f o l lo w e d  by  t i t r a t i o n  w i t h  s t a n d a r d  p o ta s s iu m  p e rm a n g a n a te .
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M agnesium . To t h e  f i l t r a t e  from  t h e  c a lc iu m  d e t e r m i n a t i o n  
i s  added some s t r o n g  n i t r i c  a c i d .  The s o l u t i o n  i s  
e v a p o r a t e d  t o  d r y n e s s ,  and t h e  r e s i d u e  i g n i t e d .  T h is  
r e s i d u e  i s  d i s s o l v e d  i n  d i l u t e  h y d r o c h lo r i c  a c i d  s o l u t i o n  
and  magnesium e s t im a te d  a s  Mg^PgO-j -  (Clowes and Coleman 
1 3 t h  E d i t .  p .  8 9 ) .
M anganese i s  d e te rm in e d  c o l o r i m e t r i c a l l y  i n  a  s e p a r a t e  
a l i q u o t  o f  f i l t r a t e  ( l )  a f t e r  e v a p o r a t io n  t o  d r y n e s s  and 
t r e a t m e n t  w i t h  sy ru p y  p h o sp h o r ic  a c i d  t o  d e c o l o u r i s e  t h e  
s o l u t i o n .  (Yoe -  P h o to m e tr ic  Chem. A n a l y s i s ,  1928 . V o l . I ,
P .  2 7 5 ) .
S u lp h u r  i s  d e te rm in e d  i n  a  f r e s h  p o r t i o n  o f  t h e  sam ple  by  
f u s i o n  w i t h  sodium  c a r b o n a te  and p o ta s s iu m  n i t r a t e .  The 
s u l p h u r  i s  p r e c i p i t a t e d  from  t h e  e x t r a c t  a s  b a r iu m  s u l p h a t e  
(C low es and Coleman 13t h  E d i t .  p p .  7 5 , 7 9 ) .
S o l u b l e  c a lc iu m  o x id e ,  s i l i c a ,  and p h o s p h o r ic  a c i d  a r e  
d e te r m in e d  by t h e  m ethods o u t l i n e d  above a f t e r  d e s t r u c t i o n  
o f  t h e  o rg a n ic  m a t t e r ,  i f  n e c e s s a r y .
S o i l s .  Sam pling  i s  c a r r i e d  ou t by  c o r e s  t o  a  d e p th  o f  n in e  
i n c h e s  a t  a  number o f  p o i n t s  t o  g iv e  a  r e p r e s e n t a t i v e  sa m p le .  
T h i s  i s  t r a n s p o r t e d  t o  t h e  l a b o r a t o r y  w here  i t  i s  s p r e a d  ou t
t o  d r y  a t  room t e m p e r a t u r e .  Ifhen d ry  t h e  s o i l  i s  pounded 
i n  a  wooden m o r ta r  and t r a n s f e r r e d  t o  a  2  mm. s i e v e .  The 
m a t e r i a l  f a l l i n g  t o  p a s s  i s  r e j e c t e d  and su b se q u e n t  a n a l y s e s  
a r e  made on t h e  f i n e  e a r t h .
M e c h a n ic a l  A n a ly s is  i s  d e te rm in e d  by  t h e  r e v i s e d  o f f i c i a l  
m ethod  -  ( A g r i c u l t u r a l  P r o g r e s s  1928, V o l .V ) .
Pg  V alue  i s  a s c e r t a i n e d  i n  w a te r  s u s p e n s io n  by  t h e  
q u ln h y d ro n e  method -  s o i l  : w a te r  r a t i o  a p p ro x im a te ly  1 : 4 ,  
c o r r e s p o n d in g  t o  t h e  s o i l  l i q u i d  r a t i o  f o r  d e t e r m i n a t i o n  o f  
ex ch an ge  a c i d i t y  i n  t h e  f o l lo w in g  d e t e r m i n a t i o n .
"Lime r e q u i r e m e n t1* i s  d e te rm in e d  by  t h e  e l e c t r o m e t r i c  method 
o f  Hardy and Lewis ( J .  A gr. S c i .  1929* 19* 17) t o  f i n a l  PH 7.0* 
and  b y  H u tc h is o n  and McLennan*s method ( J .  A gr. S c i .  1915, 7 ,  
7 5 ) .  ( tfhere  lim e re q u i re m e n t  f i g u r e s  a r e  g iv e n  t h e  m ethod i s  
i n d i c a t e d ) .
PgO^ HC1 s o l u b l e .  -  The e x t r a c t i o n  i s  c a r r i e d  ou t a c c o r d in g  
t o  t h e  method a d o p te d  by  t h e  A g r i c u l t u r a l  Educ& tlon  
A s s o c i a t i o n  ( A g r i .  P r o g r e s s ,  1931> 8 ,  1 3 4 ) .  The a c i d  l i q u i d  
t r e a t e d  w i t h  fum ing  n i t r i c  a c i d  t o  o x i d i s e  o rg a n ic  m a t t e r  i s  
t a k e n  t o  d ry n e s s  and s i l i c a  i s  s e p a r a t e d .  The P2 05 i s  
d e te rm in e d  by  t h e  v o lu m e t r i c  method ( a s  f o r  p h o sp h a te  i n  s l a g s )  
Po 0g , c i t r i c  s o l u b l e .  -  A q u a n t i t y  o f  200 gm. o f  s o i l  i s  
sh a k e n  w i t h  500 c c .  2$  c i t r i c  a c i d  f o r  24  h o u rs  i n  an
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e n d -o v e r - e n d  s h a k e r .  The s o l u t i o n  I s  s e p a r a t e d  o f f ,  and a 
known volume t a k e n  f o r  P2 O5 d e t e r m i n a t i o n  by  t h e  method f o r  
HC1 s o l u b l e  P2°5*
PpOs re q u i re m e n t  o f  s o i l  I s  d e te rm in e d  by  t h e  method p ro p o se d  
b y  K irsa n o v  ( B u l l .  L e n in g r a d .  D e p t .  I n s t .  P e r t .  A gro . S o i l  
S o l .  1932, 38* C.A. 1932, 2 7 ) .
H e r b a g e . The f r e s h l y  c u t  h e rb a g e  i s  t h o r o u g h ly  m ixed , and 
t h e  a p p ro x im a te  q u a n t i t y  r e q u i r e d  f o r  d e t e r m i n a t i o n  o f  d r y  
m a t t e r  c o n te n t  i s  t a k e n .  F o r e ig n  m a t t e r  i s  rem oved. T h is  
sam ple  i s  " c h o p p e d " .  50 gm. sam ples  a r e  w e ighed  on 
a lu m in iu m  t r a y s .  T hese  a r e  d r i e d  I n  t h e  a i r  oven a t  8 0 *C 
u n t i l  t h e  d i f f e r e n c e  be tw een  tw o s u c c e s s iv e  w e ig h in g s  I s  l e s s  
t h a n  .05  gm. The d r i e d  m a t e r i a l  i s  im m e d ia te ly  g round  t o
a  f i n e  powder w h ich  i s  s t o r e d  i n  b o t t l e s  w i t h  g round  g l a s s  
s t o p p e r s .  F u r t h e r  d e t e r m i n a t i o n s  a r e  made on t h i s  m a t e r i a l .  
N i t r o g e n  i s  d e te rm in e d  by  t h e  K J e ld a h l-G u n n in g  A rno ld  m ethod , 
( o f f i c i a l  and t e n t a t i v e  m ethods o f  a n a l y s i s  o f  t h e  A s s o c i a t i o n  
o f  O f f i c i a l  A gr. C hem ists  1930 , 3 r d .  E d i t .  p .  2 1 ,  S e c t i o n  2 4 ) .  
P h o sp h o ru s  i s  d e te rm in e d  by  t h e  v o lu m e t r i c  method u se d  i n  
t h e  Rowett I n s t i t u t e .  (W. Godden -  N o te s  on a n a l y t i c a l  
m ethods u se d  i n  B io c h e m ic a l  D e p t . ,  Row ett R e s e a rc h  I n s t i t u t e ,  
A b e rd een , 1 9 2 6 ) .
T o t a l  A sh . A known w e ig h t  i s  b u rn e d  a t  a  low r e d  h e a t  n o t  
e x c e e d in g  d u l l  r e d n e s s ,  u n t i l  f r e e  f ro m  c a r b o n .
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I n s o l u b l e  Ash. T o ta l  a s h  I s  t r e a t e d  w i t h  ho t  d i l u t e  
h y d r o c h l o r i c  a c i d .  The I n s o l u b l e  m a t t e r  i s  f i l t e r e d  o f f ,  
w a sh e d ,  d r i e d ,  i g n i t e d ,  w eighed  and r e c o rd e d  a s  I n s o l u b l e  
a s h .
S o l u b l e  Ash i s  found  by d i f f e r e n c e  b e tw ee n  t o t a l  and 
I n s o l u b l e  a s h .
The f i l t r a t e  from  t h e  i n s o l u b l e  a s h  d e t e r m i n a t i o n  i s  made up  
t o  a  known vo lum e, a l i q u o t s  o f  w h ich  a r e  t a k e n  f o r  CaO, K^O 
and  Na d e t e r m i n a t i o n s .
CaO i s  d e te rm in e d  by  t h e  v o lu m e t r i c  method (Godden -  N o te s  
on  A n a l y t i c a l  Methods -  Rowett R e s e a rc h  I n s t .  A berdeen  1 9 2 6 ) .
K2 O i s  d e te rm in e d  by  t h e  v o lu m e t r i c  c o b a l t l n l t r l t e  method 
o f  M ilne  ( J .  A g r i .  S c i .  1929, 19 , 5 4 1 ) .
Na i s  d e te rm in e d  by  t h e  method p ro p o sed  by  B le n k ln s o p  
( J .  A gr. S c i .  1930, 2 0 ,  5 1 1 ) .
Swedes -  f r e s h  c o re s  o r  s e c t o r s  a c c o r d in g  t o  t h e  m ethod of 
sa m p lin g  a r e  t h r e a d e d  t o g e t h e r  and w e ig h e d .  T hese  a r e  a i r  
d r i e d  f o r  a s h o r t  t im e ,  t h e n  t h e y  a r e  h e a te d  i n  t h e  a i r  oven 
a t  7 5 °C u n t i l  c o n s t a n t  i n  w e i g h t .  The d r i e d  m a t e r i a l  i n  
im m e d ia te ly  ground  i n  a  C h r i s t y - N o r r i s  m i l l  t o  a  f i n e  powder 
w h ic h  i s  s t o r e d  i n  b o t t l e s  w i t h  ground  g l a s s  s t o p p e r s .  
D e te r m in a t io n s  o f  N i t r o g e n ,  Ash, CaO, P2 O5 a r e  c a r r i e d  out 
by  t h e  m ethods u sed  i n  h e rb ag e  a n a l y s e s .
